Evaluation of silage additives and fermentation characteristics of forages using model laboratory silos by Elhag, Mahgoub Gaafar
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1978
Evaluation of silage additives and fermentation
characteristics of forages using model laboratory
silos
Mahgoub Gaafar Elhag
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Elhag, Mahgoub Gaafar, "Evaluation of silage additives and fermentation characteristics of forages using model laboratory silos "
(1978). Retrospective Theses and Dissertations. 6383.
https://lib.dr.iastate.edu/rtd/6383
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again-beginning 
below the first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy. 
Universify 
Microfilms 
International 
300 N. ZEEB ROAD, ANN ARBOR, Ml 48106 
18 BEDFORD ROW, LONDON WC1R 4EJ, ENGLAND 
7  9 0  7 ?  
E L H A G ,  M A H G O U B  G A & F & R  
E V A L U & T I O N  O F  5 I L & & E  A D D I T I V E S  & N D  
F E R M E M T A T I O I M  C H A R f t C F E R I S T I C S  O F  F D R & G E 5  U S I N G  
M O D E L  L & B O R A T O R /  S I L O S .  
I O W A  S T A T E  U N I V E R S I T Y ,  P H . D . ,  1 9 7 B  
Universi^ 
Micronlms 
International aoo N. ZEEB ROAD, ANN ARBOR, MI ISIOS 
© 1978 
MAHGOUB GAAFAR ELHAG 
ALL RIGHTS RESERVED 
Evaluation of silage additives and fermentation 
characteristics of forages using model laboratory silos 
by 
Mahgoub Gaafar Elhag 
À Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department; Animal Science 
Major: Animal Nutrition 
Approved: 
In Char^ of Major Work 
For the Major Department 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1978 
Mahgoub Gaafar Elhag, 1978. All rights reserved 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
LIST OF ABBREVIATIONS iv 
INTRODUCTION 1 
LITERATURE REVIEW 3 
Silage Fermentation 3 
Chemical changes 4 
Plant enzymes 4 
Microorganisms 5 
Nature of the crop ensiled 10 
Seepage losses 11 
Silage Additives 12 
Nutrients 13 
Water 13 
Fermentable carbohydrates 13 
Nitrogenous and mineral additives 15 
Enzymes 16 
Biological additives 17 
Laboratory Silos 21 
MATERIALS AND METHODS 25 
Design and Handling of the Model 
Laboratory Silo 25 
History, Handling and Storage of 
Forage Substrates 31 
Ensiling Experiments and Post Ensiling 
Handling 34 
The preliminary experiment 34 
Whole plant corn 35 
The feeding trial 36 
Corn stover 38 
Alfalfa 40 
Post Ensiling Analytical Methods 41 
RESULTS AND DISCUSSION 44 
Evaluation of the Laboratory Silos 44 
iii 
Page 
The preliminary experiment 44 
Whole plant corn, Experiment I 54 
Experiment II 56 
Experiment III 65 
The feeding trial 73 
Corn stover. Experiment I 77 
Experiment II 82 
Experiment III 87 
Experiment IV 93 
Alfalfa, Experiment I 101 
Experiment II 108 
Experiment III 112 
GENERAL DISCUSSION 119 
SUMMARY 124 
LITERATURE CITED 127 
ACKNOWLEDGMENTS 136 
APPENDIX 137 
iv 
LIST OF ABBREVIATIONS 
Term Abbreviation 
Acid detergent fiber ADF 
Bushel bu 
Coefficient of variation C.V. 
Crude protein CP 
Dry matter DM 
gram g 
Hectare ha 
High moisture alfalfa H MA 
Kilogram kg 
Lactic acid LA 
Least significant difference LSD 
Low moisture alfalfa LMA 
Neutral detergent fiber NDF 
Not significant NS 
P ound lb 
Probability P 
Reconstituted corn stover RCS 
Standard deviation SD 
Titratable acidity TA 
Volatile fatty acids VFA 
Water soluble carbohydrates WSCHO 
Water soluble nitrogen WSN 
Whole plant corn WPC 
1 
INTRODUCTION 
In recent years there has been continued focusing on the 
decrease in world food resources coupled with the increase in 
the number of persons to be fed. This alarming situation led 
to the organization of the first World Food Conference which 
was held at Iowa State University in 1976, In that unique 
conference, scientists offered many proposals and solutions 
to the problem. They more or less agreed that efficient 
animal and crop production are key factors in solving the 
problem. 
Efficient animal production needs efficient crop produc­
tion as the cost of feeding amounts to more than 50% in 
animal production enterprises. Proper handling and processing 
of forages and crops are among the most important facets in 
today's mechanized agriculture. 
With the mechanization of feeding, silage has gained high 
popularity. This has resulted in increased interest in 
methods of preserving silage to enhance quality of the 
product and to minimize nutrient losses during ensiling. 
Since silage making is only a preservation method, one has 
to start with a good quality crop prior to ensiling. Un­
fortunately, sometimes it is naturally difficult to have the 
desirable characteristics such as optimal moisture and energy 
levels which are conducive to good fermentation. 
Many aids to silage fermentation have been investigated 
recently in hopes of improving silage quality. To better 
understand and evaluate the role of these aids or additives 
to silage fermentation, it is inevitable to think of suitable 
experimental silos which will typically represent field 
conditions. 
The objectives of this research deal with using labora­
tory silos to simulate conditions typical of field situations 
in order to evaluate the effects of silage additives on silage 
fermentation; to compare laboratory silos with field silos 
using whole plant corn and the effect of treated whole plant 
corn on animal performance; to study the effects of moisture, 
energy and temperature on silage quality using three forages 
(alfalfa at two moisture levels, whole plant corn and corn 
stover). 
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LITERATURE REVIEW 
Silage Fermentation 
Ensiling can be defined as the preservation of wet crops 
under anaerobic conditions by organic acids—mainly lactic 
acid—which are produced by the fermentation of soluble car­
bohydrates present in the plant material, resulting in a 
lowering of pH to within the region of 3.8 to 4.2 (McDonald 
et al., 1966; Whittenbury et al., 1967; Crawshaw, 1977). 
Achievement and maintenance of anaerobiosis to inhibit 
the wasteful activities of aerobic microorganisms and oxida­
tive enzymes of the plant materials is important. Acid fer­
mentation is then allowed to occur, resulting in the inhibi­
tion of the proteolytic activities of Clostridia. Fortunately, 
lactic acid bacteria occur naturally on plant material and 
these ferment water soluble carbohydrates to lactic acid and 
acetic acid. The net effect is the inhibition of Clostridia 
by the low pH and the toxic effects of the associated acids 
(Woolford, 1972). 
According to Woolford (1972), three types of fermentation 
can take place in silage: (l) lactic fermentation, (2) sec­
ondary (butyric or clostridial) fermentation which can occur 
both during and/or after lactic fermentation and results in a 
degradation of amino acids and lactic acid, (3) the fermenta­
tion which occurs under aerobic conditions when a silo is open 
for feeding (the so-called "after fermentation"). Essentially 
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the last category is merely an aerobic microbial degradation 
of residual sugars and lactic acid rather than a true 
fermentation. 
Edwards and McDonald (1978) and Vetter and Von Glan (1978) 
extensively reviewed the undesirable or abnormal types of 
fermentation. In this review much emphasis will be given to 
the lactic acid fermentation and factors affecting it. 
The nutritive value of silage is governed by three main 
factors: (l) chemical changes occurring within the mass, 
(2) the nature of the crop ensiled, (3) the degree of effluent 
production (seepage losses) (McDonald et all, 1966). 
Chemical changes 
The chemical changes which occur in the crop may be 
divided into two classes; first, the changes occurring as the 
result of plant enzyme activity, and secondly, those brought 
about by the action of microorganisms present on the original 
herbage or which gain access by contamination after cutting. 
Plant enzymes As a result of the activity of plant 
enzymes in cut herbage, nonstructural carbohydrates are rapidly 
hydrolyzed to their constituent monomers, and the chief sub­
strates for microorganisms during ensilage are glucose and 
fructose (Whittenbury, 1968). Dewar et al. (1963) confirmed 
an initial increase in sugar concentration following the 
cutting of grass and showed hemicelluloses were broken down 
releasing arabinose and xylose. The main changes due to the 
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action of plant enzymes are caused by aerobic respiration, 
which will continue, as long as oxygen is present, until the 
plant sugars are depleted. Sugars are oxidized to carbon di­
oxide and water with the production of heat capable of causing 
a considerable rise in temperature of the mass. Apart from 
carbohydrate breakdown, proteolysis also takes place immedi­
ately after the herbage is cut. Protein is rapidly broken 
down and within 24 hours about 16% is degraded to simpler sub­
stances, mainly amino acids (McDonald et al., 1966). Kemble 
and MacPherson (1954) reported a 20% breakdown of protein into 
amino acids when perennial ryegrass was wilted for three days. 
Microoraanisms After aerobic respiration has ceased, 
microbial changes continue. The different groups and classifi­
cation of microorganisms occurring in silage was recently re­
viewed by Beck (1978), 
Aerobic microorganisms are the most numerous organisms 
on fresh herbage but species of Escherchia. Kliebsella. 
Bacillus, Streptococcus, Leuconostoe, Lactobacillus and 
Piedococcus also occur. Clostridia are also found but only in 
endospore form (Whittenbury, 1968). 
Stirling and Whittenbury (1963) examined the lactic acid 
bacteria occurring on growing plants and found numbers were 
usually less than 100/g of fresh grass and were limited to 
decayed, dead or bruised material. Eighty percent of the 
organisms were heterofermentative leuconostocs. Numbers 
increased rapidly after cutting and were of the order of 
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8 X lO^/g of fresh material at the time of ensiling, 
Gibson et al. (1958) showed that following the establish­
ment of anaerobiosis in the silo, there was a multiplication 
of anaerobic organisms but this lasted for a few days only. 
A phase of decreasing of viable counts then began. 
Wood (1961) cited by Edwards and McDonald (1978) classi­
fied lactic acid bacteria into two types. One is the homofer-
mentative type, which under anaerobic conditions forms approxi­
mately two moles of lactic acid per mole of glucose fermented. 
The second is the heterofermentative type, which produces, 
anaerobically, one mole of lactic acid, one mole of COg and 
one nible of ethanol per mole of glucose fermented. According 
to Whittenbury et al. (1967), it is impossible to predict the 
final ratio of products of a lactic acid fermentation because 
a mixed population always develops and it is possible for a 
100% variation to occur in the amount of lactic acid produced 
under two apparently similar circumstances. Homofermentative 
and heterofermentative bacteria differ in their products of 
fermentation and their efficiency as producers of lactate. 
Less lactic acid is produced from fructose than from glucose 
and the homofermentative types of lactic acid bacteria are 
more efficient than heterofermentative ones (Table 1). 
According to Edwards and McDonald (1978) structural carbo­
hydrates are of little importance in ensilage with only hemi-
celluloses making a minor contribution. 
Ruxton and McDonald (1974) comment that some oxygen 
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Table 1. Main products of carbohydrate fermentation by 
lactic acid bacteria® 
Homofermentative 
(a) 1 glucose 2 lactic acid 
(b) 1 fructose 2 lactic acid 
(c) 1 pentose 1 lactic acid + acetic acid 
H eterofermentative 
(a) 1 glucose 1 lactic acid + 1 ethanol + 1 CO-
(if fermented) 
(b) 3 fructose -* 1 lactic acid + 2 mannitol + 
acetic acid + 1 CO g 
(c) 1 pentose -* 1 lactic acid + 1 acetic acid 
^From Whittenbury et al. (1967), 
inclusion may be of advantage in that lactic acid producing 
bacteria are facultative anaerobes and should be favored 
initially, relative to obligate anaerobes such as Clostridia, 
But these authors caution that high oxygen levels at early 
stages of ensiling stimulates yeasts. Yeast multiplication is 
undesirable during ensilage since they compete with lactic 
acid bacteria for limited amounts of readily available carbo­
hydrates present in the low quality forages. 
Yeasts can anaerobically ferment water soluble carbohy­
drates producing lactic acid, ethanol and carbon dioxide as 
products (Wilkens, 1975) or just ethanol and carbon dioxide 
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as products (McDonald et al., 1973). Under aerobic condi­
tions, through fermentation of lactate, yeasts produce ethanol 
and carbon dioxide (McDonald et al., 1973). Ethanol does not 
reduce silage pH and is a poor fermentation inhibitor (Byers 
et al., 1969). According to Beck (1978) yeasts are considered 
to be the major cause of "after fermentation" or post opening 
deterioration. 
Fungal infestation follows yeast activity. Cole et al. 
(1977) have demonstrated the presence in mold infested corn 
silages of fungi capable of producing toxins. 
If the activities of the lactic acid bacteria do not de­
crease pH fairly quickly and the ensiled material is relatively 
wet, then Clostridia will continue their activity as discussed 
by Whittenbury (1968) and Wieringa (1958), 
Both saccharolytic and proteolytic types of clostridial 
fermentations occur in silages (Bryant et al., 1952; Watson 
and Nash, 1960; Whittenbury et al., 1967). The saccharolytic 
types produce butyric acid and carbon dioxide from lactate 
and residual sugars resulting in a raising of pH (Whittenbury 
et al., 1967) and decreases in silage dry matter content. 
Proteolytic Clostridia are thought to be primarily responsible 
for degradation of amino acids in silage. Clostridial de-
amination of amino acids produces volatile fatty acids, ammonia 
and carbon dioxide while decarboxylation results in histamine, 
cadaverine, putresine, tryptamine and tryamine production 
(Whittenbury et al,, 1967). 
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Because butyric acid is a fermentation product of some 
Clostridia species, it is generally accepted in the literature 
that the presence of butyric acid is an indication of poor 
quality silage. According to Neumark et al. (1964) and 
Whittenbury et al. (1967), the amines produced by some types 
of clostridial activity may decrease the appetite of ruminants 
and may have a negative effect on animal health. Butyric acid 
per se is not toxic to ruminants and silages rich in butyric 
acid are not refused by ruminants (Barnett, 1954; Shultz and 
Ralston, 1974), In addition, butyric acid is a better in­
hibitor of mold and yeast activity than either acetic or 
propionic acid (Woolford, 1975) and consequently the presence 
of butyric acid is the major reason responsible for the lack 
of susceptibility of poor silages to aerobic deterioration 
(Ohyama and Hara, 1975), Proteolysis and its consequences 
such as amine formation rather than butyric acid presence is 
undesirable in case of clostridial activity in silages. 
As a result of the chemical changes brought about by 
plant enzymes and microorganisms, gaseous losses (mainly 
carbon dioxide) occur. The amount of dry matter lost in 
gaseous form may vary from 5 to 30% according to McDonald 
et al, (1966). These gaseous losses are indicative of break­
down of nutrients and the higher the gaseous loss, the lower 
will be the feeding value of the silage. 
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Nature of the crop ensiled 
The species, stage of growth, physical state and moisture 
content of the ensiled crop are important factors affecting 
the nutritive value of the silage (McDonald et al., 1966). 
Wieringa (1959) summarized the different factors affecting the 
suitability of forage plants for fermentation as far as the 
nutrient content is concerned. It is generally accepted in 
the literature that the higher the sugar and the lower the 
protein content of plants the better they are suited for 
ensiling (McDonald et al., 1966; Breirem and Ulvesli, 1960), 
In addition to the sugar content of forage crops, early in­
vestigations conducted by Wilson and Webb (1937) and Barnett 
(1954) indicated that easily hydrolyzable fructosans may 
possibly be important substrates for the fermentative microbes. 
With regard to the stage of growth, McCullough (1961) reported 
that the factors associated with immature forage (high protein, 
high ash, low dry matter percentage) tended to increase the 
difficulties of successful ensiling. 
The physical nature of the crop at the time of ensiling 
is an important factor in the fermentation process, and it is 
known that chopping or bruising tends to produce more favorable 
conditions for microorganisms than leaving the material long 
(McDonald et al., 1966; Zimmer, 1976). 
The moisture content of the crop at the time of ensiling 
also has a marked influence on the type of fermentation which 
occurs (Whittenbury et al., 1967; McDonald et al., 1966). 
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Clostridial fermentation is favored by wet conditions and, ac­
cording to Whittenbury et al.(1967), clostridial activity can 
be inhibited in two ways; the most direct method is to wilt the 
crop to less than 70% moisture and the second way is to allow 
an acidic fermentation to take place. The indirect effect of 
wilting is to concentrate the water soluble carbohydrate in 
the liquid phase of the ensilage (Meiske et al,, 1975), En­
siling materials too high in dry matter content can result in 
undesirable silage of lower density. The lower the density 
the more difficult it is to avoid entrapping oxygen in ensiled 
materials (Gordon et al., 1961a). Furthermore, low density 
is more conducive to continued air infiltration after sealing 
the silo (Gordon, 1967). The resulting silages are of poor 
quality due to the increased possibility of heating and mold­
ing (Gordon et al., 1961b; Huber and Soejono, 1976), 
S eepaae losses 
Seepage losses are an obvious reflection of the moisture 
content of the ensiled material. Effluent contains sugars, 
soluble nitrogenous compounds, minerals and organic acids 
produced during fermentation. These losses are undesirable 
and one method of reducing such losses can be done by wilting 
(McDonald et al,, 1966, 1968). 
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Silage Additives 
Silage additives can be generally categorized into two 
main groups—stimulants and inhibitors (McDonald and 
Whittenbury, 1973). Bolsen (1978) defined aids to silage 
fermentation as t 
Those products which supply lactic acid producing 
microorganisms, nutrients required by lactic acid 
producing microorganisms, and enzymes and/or micro­
organisms that increase the availability of carbohy­
drates and other nutrients required by lactic acid 
producing microorganisms. 
According to this definition stimulants can be used synony­
mously with "aids to fermentation". In this section much 
attention will be directed towards aids to fermentation. 
Many excellent reviews covering the effects of fermentation 
inhibitors are available (Waldo, 1978; Burghardi et al., 
1977; Crawshaw, 1977; Owen, 1976). According to Burghardi 
et al. (1977) inhibitors include weak acids and salts of these 
weak acids; antibiotics and sterilants. The idea behind using 
these inhibitors is to restrict undesirable fermentations. 
Of this category, direct acidification was a widely used 
practice in European countries. Many organic acids were 
evaluated. These include: formic acid, formaldehyde and 
propionic acid. Mineral acids were also evaluated, especially 
sulfuric acid; the difficulties encountered were handling and 
safety. Wilting ranks first to direct acidification as a means 
of improving hay-crop silages. 
The definition of aids to fermentation which was coined 
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by Bolsen (1978) will form the basis for reviewing these 
additives. Accordingly, aids to fermentation include 
(a) nutrients, (b) enzymes, and (c) biological additives. 
Nutrients 
This group can be subdivided into (1) water, (2) fermenta­
ble carbohydrates, (3) nitrogenous and mineral additives. 
Water Ensiling materials too high in dry matter con­
tent can result in undesirable fermentations due to the lower­
ing of density and possible air infiltration (Gordon et al., 
1961). Dry matter levels greater than 60% make oxygen exclu­
sion more difficult and is conducive to yeast multiplication 
(McDonald et al., 1968). Dunford's (1973) research using corn 
stover recommended reconstituting the corn stover to a moisture 
level not greater than 50%. Addition of water to levels 
greater than 60% favors clostridial fermentation. Supporting 
data to these recommendations are limited. Corn stover ensiled 
in upright silos (Colenbrander et al., 1971b) at dry matter 
levels of 41 to 45% and ryegrass in barrel silos (Shultz and 
Ralston, 1974) at 40% dry matter appeared to be adequately 
preserved. 
Fermentable carbohydrates This category includes 
primarily molasses, wheys and ground grains (Owen, 1976). 
Molasses Molasses has been used for many years 
and according to the summary given by Watson and Nash (1960), 
good results were obtained when molasses was used for legume 
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and legume grass silages at moisture levels ranging between 
75 and 85%, Molasses should be thoroughly mixed with the 
ensiled forage. The benefits from molasses include high 
lactic acid content, low pH and a very low level of butyric 
acid. However, in practice, some conflicting results regard­
ing the use of molasses were reported in the literature. Owen 
(1976) suggested that the discrepancy in experimental results 
might be related to the level of molasses addition, the amount 
of fermentable carbohydrates naturally occurring in the herbage, 
and moisture content. Brown (1962) added molasses at 1.75% to 
immature corn, barley, oats and barley-oats with good silage 
over several years. No differences were found in milk produc­
tion or body weight changes. King (1944) used dough stage 
oats treated with 3% molasses and found no difference in milk 
production. 
Colovos et al. (1957) and Lanigan (1961) reported that 
dry matter loss decreases with the addition of molasses. 
Lanigan, using alfalfa, demonstrated in laboratory silos that 
increasing the molasses level resulted in decreased pH and 
dry matter loss and increased lactic acid content. Ely 
(1978) concluded that molasses gives successful ensiling 
results with high moisture, high protein crops. 
Whev The use of whey as an aid to fermentation 
appears to be justifiable. Whey contains a readily fermentable 
carbohydrate, lactose, as well as high levels of minerals and 
a moderate level of protein (Owen, 1976). Dash et al. (1974b) 
added 10% dried whey and significantly increased dry matter and 
acid detergent liber digestibilities using Holstein steers. 
Allen et al. (1937) added 1% dried whey to grass silage and 
found it to be equal to 2% molasses. Dash et al. (1974b) 
added 2% dried whey and increased dry matter digestibility 
versus the control in full-bloom alfalfa fed to dairy steers. 
Barnett and Baxter (1955) and Stirling (1951) found that 
fresh whey was not beneficial to silage making. Ely (1978) 
concluded that dried whey can be used with high moisture, 
high protein forage as an aid to fermentation. The level 
commonly used is 4%. 
Ground grains Corn, barley, oats and milo have 
been used as additives to silage. Corn has been added as 
whole corn, ground corn, corn meal, cracked corn, corn and 
cob meal, hominy and hominy meal (Ely, 1978). Owen (1976) 
reported that the benefit from grain meal additions is due to 
its sugar content and its effect in increasing dry matter and 
not due to its starch content. If starch is to be useful, 
amylase addition is recommended (Rydin, 1961). Addition of 
grains to high moisture, high protein forages has increased 
dry matter and enhanced fermentation by supplying fermentable 
carbohydrates. The disadvantage from grain addition is mainly 
due to the quantity needed and the labor required for mixing 
(Ely, 1978). 
Nitrogenous and mineral additives Ammonia and urea 
have been studied as silage additives particularly with corn 
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silage. The theory behind using these NPN compounds is to 
supply nitrogen (Burghardi et al., 1977). Ammonia is more 
advantageous as a nitrogen source due to its low cost and 
adaptability to liquid handling systems (Owen, 1976). 
Limestone has been added to corn silage to increase the cal­
cium content for ration needs. The limestone adds bases which 
help prolong the fermentation and increase the organic acids 
(Ely, 1978). 
Limestone treated corn silage has shown very slight 
changes for milk production (Byers et al., 1964; Simkins 
et al., 1965; Schmutz et al., 1969), Byers et al. (1964) and 
Schmutz et al. (1969) reported no differences in dry matter 
intake. 
Enzymes 
The influence of enzyme preparations on the suitability 
of fermentable carbohydrates has been studied by Leatherwood 
et al. (1963) and NcCullough et al. (1970), If the energy in 
cellulose and hemicellulose is made available for the micro­
organisms during silage fermentation, then this would spare 
and/or supplement the fermentable carbohydrates initially 
present in the herbage. A stimulating effect on the speed and 
amount of acidification has often been reported by the addi­
tion of polysaccharide hydrolyzing enzyme preparations, 
especially to sugar-deficient crops (Beck, 1978). Good re­
sults were obtained by Rydin (1961) with mixtures of barley 
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meal and malt in which the amylase present broke down the 
starch into fermentable sugars. Adding cellulases to forage 
material prior to ensiling has been researched (Autrey et al., 
1975; Olson and Voelker, 1961; Shultz et al., 1974; Simkins 
and Penasack, 1969) with the hope that cellulase treatment 
would result in cellulose hydrolysis with subsequent produc­
tion of readily fermentable sugars. The use of cellulase 
resulted in silages with lower pH and reduced cellulose content. 
The reduced cellulose content of the treated material indi­
cates hydrolysis of forage cellulose had taken place (Autrey 
et al,, 1975; Simkins and Penasack, 1969). 
Hemicelluloses appear to be the principal carbohydrate 
fraction being made more accessible by alkali treatment. 
Dunford (1973) treated corn stover at three moisture levels 
with sodium hydroxide using laboratory silos. He reported a 
significantly less hemicellulose content due to the hydroxide 
treatment but the control had a lower pH. 
Biological additives 
The lactic acid producing bacteria play an important role 
in the chemical changes occurring during silage fermentation. 
Three conditions must be satisfied for these microbes to 
thrive. These includes an adequate supply of fermentable 
sugars to allow bacterial growth; anaerobic environment; and 
sufficient numbers of lactic acid producing bacteria present 
to dominate other undesirable microbes. It seems that 
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sufficient numbers of lactobacilli were not always provided 
by nature (Burghardi et al., 1977). Accordingly, it has been 
hypothesized that inoculation of forages with lactobacilli at 
ensiling may be of value by enhancing a rapid and predominantly 
lactic acid-type fermentation and hence spoilage and nutrient 
losses would be less than would occur if undesirable bacteria 
dominated the fermentation. 
Since the early 1900*s when French researchers applied 
lactobacillus cultures to beet pulp silage, lowering its 
butyric acid content and producing a more pleasant aroma, there 
existed the chance for microbial inoculation as an aid to 
silage fermentation (Bolsen, 1978). Watson and Nash (1960), 
however, concluded that the results of subsequent studies were 
variable and that it was difficult to reach a conclusion on the 
value of microbial silage additives. Responses to the inocu­
lants were influenced by a variety of uncontrolled factors 
such as bacterial species and their numbers, moisture and 
fermentable carbohydrate content of the herbage. Further con­
founding interpretations arise due to the additions of car­
bohydrates or chemicals with the bacteria at ensiling time. 
Interest in microbial inoculations of silage is increasing, as 
evidenced by the abundance of commercial products and recent 
publications (Burghardi et al., 1977). 
Waldo and Goering (1976) treated alfalfa with a commercial 
microbial additive (Silo Gain) and found that it improved the 
value of the resulting haylage. Those workers found that the 
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additive resulted in an increased digestibility of alfalfa 
haylage, but did not affect digestibility of corn and orchard-
grass silages. No effect of the additive on preservation was 
noted in any of the silages, McCullough (1975), using the same 
product, reported an improvement in preservation for corn 
silage. Unfortunately the treatments were not replicated, 
thus a statistical test of differences could not be made. 
Nebraska researchers (Woods et al., 1967) evaluated 
Asperiaillus orvzae and Bacillus subtilus for their effects 
on preservation and feeding value of corn and alfalfa silages. 
The combination of the two improved dry matter preservation 
by 5.8% and protein preservation by 9,6% when added to alfalfa 
stored in miniature silos. With corn silage, differences were 
small and showed preservation improvement in only one of three 
trials. Olson and Voelker (1961) added a product containing 
Asperiaillus orvzae and mixed lactic culture to alfalfa at 
ensiling and found no benefits for lactating cows. However, 
in a growth trial> heifers gained 16% faster and calves 25% 
faster when fed the treated silage as the sole ration compared 
to the untreated control. When these silages were fed with 
supplemental grain the difference disappeared. The additive 
also resulted in a more rapid drop in pH and a lower peak 
temperature (92°F vs 122°F). Krause and Clanton (1977) re­
ported that steers fed direct-cut alfalfa silage treated with 
a microbial silage additive (Silo-best) had improvement in 
daily gains and feed efficiency over the controls. No 
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differences were observed in silage dry matter loss between 
control and treated silages. Owen and Appleman (1971) studied 
the effects of A. orvzae and a mixed lactobacillus culture on 
alfalfa. Improvements in dry matter and protein preservations 
were reported in case of the treated silage. No effect of 
treatment on milk yield was noted, but milk fat level in­
creased from 2.62% in the control to 3.98% for treated-silage 
fed cattle. The alfalfa was third cutting and harvested 
during a dry year. However, Owen (1976) using first cutting 
alfalfa at a high moisture content reported no effects on 
feed consumption or lactation performance using the same 
inoculant. McDonald et al. (1965) ensiled red clover at 19% 
dry matter with or without lactobacillus cultures. Dry matter 
losses were similar but crude protein losses were lower for 
lactobacillus inoculation than the control. Silage intake 
and digestibility were not affected by inoculation. Kentucky 
workers (Poos et al., 1977) applied a commercial silage addi­
tive to wheat silage. Treated silages had higher lactic acid 
contents, but resulted in lower dry matter intakes and reduced 
daily gains. Corn silage inoculated with a mixed lactic 
acid-producing bacterial culture was evaluated by Chapman et al. 
(1962) in a feeding trial using 600 lb steers. A nonsignifi­
cant improvement in rate of gain of .09 kg per day was observed 
for cattle fed the bacteria-treated silages. 
Burghardi et al. (1977) ensiled whole-plant corn (about 
29% DM) in upright concrete silos with and without lacto-
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bacillus, À. orvzae and B, subtilis cultures. Using steer 
calves fed rations composed predominantly of corn silage, rate 
of gain and efficiency of feed conversion were not influenced 
by the treatments. 
Sherrod and Hollingsworth (1971) ensiled sorghum with and 
without a mixture of A. orvzae and B, subtilis. Each in­
creasing level of treatment produced an increase in titratable 
acidity, lower levels of soluble nitrogen and improved reten­
tion of soluble carbohydrates and dry matter loss. Digesti­
bilities of the resulting silages were not significantly in­
fluenced by treatment. 
Owen (1971) concluded "under certain conditions microbial 
cultures may reduce pH, increase lactic acid and improve the 
possibility of success in silage making," 
In a more recent review, Bolsen (1978) concluded: 
Aids to fermentation in silage production have given 
variable and inconsistent results ranging from zero to 
highly significant improvements in nutrient preservation, 
dairy and beef cattle performance and silage chemical 
composition. 
Laboratory Silos 
The products of the ensiling process are the result of 
many influences operating together. Experimentally, the 
effects of individual influences are difficult or impossible 
to trace with large silos, while such effects might be more 
readily determined in small or laboratory-scale silos where 
conditions could be more readily controlled (Perkins and Pratt, 
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1951), Many different laboratory silos have been used by 
researchers ranging from simple test tubes to pilot silos 
which can provide enough silage for animal experimentation. 
Barnett (1954) reviewed the use of test silos, particularly 
laboratory and pilot scale silos. Barnett and Miller (1950) 
used a pilot silo of about 1000 kg capacity. Essentially, 
this silo was a concrete drain pipe of variable dimensions, 
although Barnett suggests three feet in internal diameter and 
six feet in internal height. Devices for collection of seep­
age were constructed and continuous pressure was applied to 
such silos by the use of 450 lb concrete lids. Sealing of 
silage is further provided by wrapping kraft paper over the 
top of the silage. Presumably, plastic sheeting could be used 
as a substitute. 
Another important type of pilot silos was the one used 
by Virtanen (1936) in developing his famous À1V process. 
Virtanen used a porcelain container capable of holding 15 to 
20 kg of silage. Presumably, this would require a container 
approximately 30 to 40 cm in diameter and slightly less than 
1 m high. The bottom of the experimental silo was fitted with 
an internal slotted wooden platform to allow seepage into a 
pump and an effluent drain pipe. The entire test silo was 
sealed to limit oxygen by cementing on a porcelain lid. The 
internal top was arranged to allow placement of a dish con­
taining concentrated KOH so that carbon dioxide could be 
determined by back titration of the carbonate formed. By 
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using this simple device, Virtanen was able to develop his AlV 
silage. 
The Minnesota silo (Otis et al., 1959) was designed in 
such a way that external conditions and other variables that 
affect fermentation could be controlled. The unit allows for 
measurement of seepage and volatile losses using a complex 
syphon system. This same unit has been modified and improved 
by Danley (1972). In the modified Minnesota laboratory 
silo unit, the temperature and pressure regulating systems, 
the component parts of the silos,and the gas collection were 
improved. The design was such that the effects of light, 
temperature and pressure on the fermentation process could be 
studied either simultaneously or independently. There are 
nine miniature silos made of plexiglas each having a capacity 
of approximately 2 kg of wet material. Michigan workers 
(Bergen et al., 1972) used one gallon glass jars with rubber 
seal metal lids equipped with gas valves. Other types of 
laboratory silos include the 23-liter drums used by Leask and 
Daynard (1973). In these silos the internal walls were lined 
with 2-ml polyethylene bags and various combinations of cement 
blocks were used to obtain degrees of compaction. 
MacPherson and Violante (1966) used glass bottles fitted 
with a mercury valve and McDonald et al. (1968) used the test 
tube silos also fitted with mercury valves. 
Under optimal conditions these laboratory silos will 
produce silage of excellent quality and permit the investiga­
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tion of chemical and microbiological changes during the course 
of fermentation. The difficulties encountered include mea­
surement of seepage and gaseous losses (Danley, 1972). 
In addition some of the disadvantages of laboratory silos 
include the problems of heat transfer, the density of the 
ensiled material (quite different than the density in the 
field silos), and the rate of filling and its effect on silage 
fermentation. 
This review shows that silage fermentation is the product 
of a complex process governed by many variables. Of these, 
anaerobiosis, microorganisms and the nature or characteristics 
of the initial crop or forage material are the most important. 
Aids to fermentation have given variable and inconsistent 
results ranging from negative to highly significant improve­
ments in silage quality. It seems that those forages and 
ensiling techniques least likely to produce successful silage 
may benefit most from aids to fermentation. 
Many different laboratory silos have been used by re­
searchers and they have been helpful tools in silage research. 
The ultimate test of improved silage quality is the total 
animal production per unit of crop or forage harvested and 
ensiled. 
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MATERIALS AND METHODS 
Design and Handling of the Model Laboratory Silo 
The model laboratory silos used in this research were de­
signed to study variables affecting the ensiling process. 
Variables such as moisture, temperature, density, light and 
additives could be studied separately or collectively. In 
addition, wet weight and gaseous losses due to fermentation 
could be measured. 
Each silo was made of plexiglass with four major parts 
(Figure l): the long gas-tight cylinder, a threaded cap with 
a steel bolt in it, a round piston which fits inside the 
cylinder and a stainless steel gas tube. 
The bottom base of the cylinder was fitted with a stain­
less steel receptacle with a brass screw and rubber septum to 
provide an injection port (Figure 2). 
The accessory parts needed for handling the laboratory 
silos are shown in Figure 1. They include a U-shaped torque 
wrench, a spanner wrench which fits on spanner holes for re­
moving top cover, a plunger and a scraper. 
Before using the silos, they were thoroughly cleaned and 
dried. The threads and piston's rubber seals were greased 
and empty weight of each assembled silo was recorded. The 
forage to be ensiled was hand-mixed and placed in the silos. 
The plunger was used to compress and pack the forage in each 
silo. The scraper was used to clean the walls of the silo to 
. Figure 1. Laboratory silo unit filled with forage and con­
nected to a receiving flask for trapping CO2 (1). 
Included in the same figure are the component parts 
of the laboratory silo with its auxiliary equipment 
The capital letters designate the major components 
whereas auxiliary parts are designated by small 
letters* 
A - The cylinder and its base which contains 
the injection port 
B - Piston 
C - The threaded cap with its steel bolt 
D - The stainless steel gas tube 
a - The torque wrench which fits on top of the 
bolt 
b - Spanner wrench for removing the cap 
c - Plunger which compresses the ensiled forage 
d - A scraper for cleaning the walls of the 
silo 
e - Wood dowel for piston removal 
f - Two eye bolt screws attached to the piston 
and function.in placing and removing the 
piston 

Figure 2. Schematic drawing of one silo unit with its 
different components assembled 
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reduce particle interference with the "O" ring (seal). The 
piston was then placed on top of the forage while it was fixed 
to the two eye bolt wrenches and the wood dowel (Figure l). 
After placing the piston, the cap was threaded on and the bolt 
was tightened using the U-shaped torque wrench. The bolt 
pushes down the piston and compresses the forage material 
until the desired pressure is obtained. The pressure can be 
adjusted periodically with the torque wrench. The filled 
silos were weighed to the nearest .01 g. 
Tygon tubing was used to connect the stainless steel 
tubes to the receiving flasks containing KOH for COg deter­
mination (Figure l). The absorbed carbon dioxide was deter­
mined by adding 60 ml 2 N BaCl2 to 40 ml of potassium hydroxide 
solution to precipitate the absorbed carbonate. The excess 
potassium hydroxide was neutralized with 0.5 N HCl to the 
phenolphthalein end point. The milliequivalent weight of 
carbon dioxide was calculated as the difference between the 
milliequivalent weights of potassium hydroxide and hydro­
chloric acid (ACAC, 1965), 
At the end of the ensiling period (3 weeks) the silos were 
weighed again to determine total weight loss of the forage 
as ensiled (wet weight loss). Total weight loss is determined 
using the following equation: 
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Total weight loss, % = 
( wt of silo b 
ensili: 
/Wt of filled silo wt of \ 
^before ensiling empty silo 
At the end of the ensiling period, the silos were emptied 
and the silage material stored in labelled plastic bags. pH 
and TA were determined directly on an aliquot of fresh silage 
with the remaining material frozen for later processing and 
analyses. 
The component parts of each silo were cleaned, dried and 
reassembled. Each individual component of a silo unit must 
carry the same unit number to avoid misfitted parts, e.g., 
silo #2 must be fitted with piston #2, cap #2 and stainless 
' steel tube #2. 
History, Handling and Storage of Forage Substrates 
Three crops were assigned to this study» whole plant 
corn (Zea mavs). corn stover, and alfalfa (Medicaao sativa). 
WPC was harvested during September 1977 at the early dent 
stage (ça. 36 to 38% DM). The corn was DeKalb XL-39 planted 
at 21,000 plants per acre. Spring fertilizer application was 
100 lb per acre of 6-24-24 followed by 200 lb of anhydrous 
ammonia. A two-row Field Queen forage harvester was used at 
1250 rpm with a 1/4" screen. Two upright concrete stave 
silos (12' X 30») were filled in 4 hr with a total of 63 tons 
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per silo. Approximately 90 kg of the chopped corn was taken 
and immediately frozen at a nearby locker plant for later use 
in the laboratory ensiling experiments. The next day, 118 
tons of WPC were chopped and piled on top of the ground in a 
period of 6 hr. Alternate loads were treated with a silage 
additive. The pile was covered with heavy gauge black plastic. 
Si-Lo-Fame, a microbial-enzyme and nutrient additive 
produced by M and M Livestock Products Co., Eagle Grove, Iowa, 
was applied at a rate of 0.75 lb per ton of silage. Each 
load was weighed and the appropriate amount of additive mea­
sured out and uniformly added at the blower. For the piled 
silage, the treated and control loads were unloaded at oppo­
site ends with a slight overlap in the middle. The additive 
was sprinkled uniformly on top of the wagon load before un­
loading. Treated and control silage samples were taken from 
both the tower and pile. The samples were taken at different 
dates and from different locations in reference to the tower 
silos. The silage samples were frozen immediately and stored 
for later analyses. The corn silage from both the tower and 
pile was evaluated in a cattle feeding trial (to be discussed 
later). 
For the laboratory ensiling experiments, the frozen WPC 
was allowed to thaw on top of a plastic covered laboratory 
bench before being used and the remaining material was stored 
for subsequent experiments. 
The air-dried corn stover was Pioneer 3780 (grain yield 
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was 125 bu/acre) » harvested in the fall of 1976 at the Beef 
Nutrition Farm. The stover was harvested with a Kesston 
stack hand 3OA at a moisture level of approximately 25%, The 
stover used in the different experiments was of different 
particle size. The corn stover was ground through a Farm 
Hand 790 tub grinder mixer (3/4-inch screen) and then stored 
in feed barrels until the beginning of the study. For several 
of the experiments, finer grind was made on part of the stover 
by passing it through a 1/2-inch Mighty-mac. 
The alfalfa used was THOR, a medium rotation alfalfa de­
veloped by Northrup-King Co. It was a second-year growth. 
The seed rate was 16 to 18 lb per acre with oats used as a 
nurse crop. The oats was chopped off as oatlage about the 
lOth of July in the year of seeding (1975), The field had 
received approximately 10 tons of manure before seeding. Dur­
ing the second year and after the first cutting, fertilizer 
application was 300 lb per acre of 3-16-32, During 1977 the 
same fertilizer was applied again. The material used in this 
study was third cutting harvested August 29, 1977. The pre­
vious cut was July 15, 1977. The yield was 10 to 12 tons per 
acre. The material was harvested using a self-propelled 
windrower. The H MA (ca. 26 to 28% DM) was wilted for 3îg hr 
on a partly cloudy day. Samples for the laboratory ensiling 
experiments were stored and frozen in double walled, 30-gal 
polyethylene bags. There was a total of 8 bags, each carrying 
ca. 22 kg. 
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The LNA immediately was wilted to ca. 68 to 70% DM and chopped 
on September 2, 1977. The LMA was frozen, packed and handled 
the same as HMA. 
Ensiling Experiments and Post Ensiling Handling 
The preliminary experiment 
WPC (ca. 38% DM), HMA (ca. 28% DM), LMA (ca. 68% DM) and 
corn stover reconstituted with distilled water at 4 C to 50% 
moisture were used in a randomized complete block design. Two 
ensiling periods (3 and 5 weeks) were used as blocks, using 
5 silos for each of the four substrates. At the end of each 
ensiling period, material from each silo was evacuated to a 
labelled polyethylene quart 4" x 2" x 12" freezing bag, pH 
and TA were determined immediately on a fresh silage aliquot, 
the remaining silage was frozen. 
For the preliminary experiment in addition to the pH and 
TA J DM, LA, CO2, VFA and water soluble ammonia-nitrogen were 
also determined. (The analytical procedures will be described 
later.) Following the preliminary experiment, it was decided 
to use 3 weeks as the ensiling period in all subsequent ex­
periments. The different experiments conducted will be de­
scribed separately for each particular substrate and the re­
sults will be discussed accordingly. 
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Whole plant corn 
A total of three experiments was conducted 
using WPC. In the first experiment, WPC (ca. 38% DM) Was 
ensiled using a total of 12 laboratory silos. The experiment 
was designed to study the effect of a bacterial inoculum on 
WPC. 
The bacterial inoculum, also known as Si concentrate, 
was a mixture of live bacteria containing Lactobacillus 
acidophilus. Streptococcus cremoris. Lactobacillus plantarum 
and Streptococcus diacelvlactus. It was produced by Great 
Lakes Biochemical Co., Milwaukee, Wisconsin. The inoculum 
was used at 0, 10 ppm and 50 ppm in a completely randomized 
design, using four replications per treatment. The inoculum 
was weighed and hand mixed carefully with the WPC prior to 
ensiling. 
In the second experiment the design was a 2x4 factorial, 
using two moisture levels, four treatments and four replica­
tions per treatment. WPC (ca. 62% moisture) and drier WPC 
(ca. 32% moisture) were used. The WPC was left to dry on top 
of the laboratory bench for overnight before being ensiled. 
The four treatments were: control, bacterial inoculum (50 
ppm), Si-Lo-Fame (250 ppm), and Sila-Bac (500 ppm). The 
latter additive is produced by NuLabs, Portland, Oregon, and 
was an air-dried live bacterial culture containing 
Lactobacillus and Torulopis spp. All the three additives were 
hand mixed thoroughly with the WPC prior to ensiling. 
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The third experiment was designed to study the effects 
of temperature on fermentation characteristics. A completely 
randomized design consisting of two treatments and four repli­
cations per treatment was used. The treatments were a con­
trol and bacterial inoculum (50 ppm). 
The experimental silos were placed in a temperature con­
trolled water bath. The temperature was maintained at 25 C 
and then increased 3 C per day through the second, third and 
fourth day of ensiling. The temperature was maintained at 
34 C until the l7th day of ensiling. Starting on the 18th 
day, it was reduced to 25 C at a rate of 3 C per day. The 
temperature design is summarized in Figure 3. 
The silos were put in a plastic tray which had been placed 
in the bath and the flasks for CO2 collection were placed on 
top of the tray. The level of the water in the water bath 
was such that the ensiled material in each silo was covered 
with water. The level of water was adjusted periodically. 
The feeding trial An animal performance test was con­
ducted in cooperation with M and M Livestock Products Co., 
Eagle Grove, Iowa. The objective of the test was to evaluate 
the feeding value of corn silage treated at ensiling time with 
Si-Lo-Fame. The ensiling and handling of the corn at the 
farm was described previously. 
The cattle used in this test averaged 675 lb and were 
yearling crossbred heifers purchased off pasture in August 
1977. They were carried in open dry lot on a hay-based ration 
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Figure 3. The temperature changes in the water bath 
to provide about 1,5 lb of gain per day. Two weeks before 
beginning the test on October 3, the heifers were adjusted to 
a full feed of corn silage which was taken from the control 
pile, 
A block of 30 heifers was selected on a uniform weight 
basis and allotted to the six shelter pens with five heifers 
per pen. These pens were half-covered, open to the south. 
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with straw bedded concrete floor. A heavy weight block of 26 
heifers was divided equally by weight to outside mounded 
open-dirt lots (over 300 square feet per animal). The lighter 
weight block of 12 heifers was assigned likewise. All four 
outside lots contained open sheds. A block of eight Holstein 
steers was allotted uniformly to the four open lots with two 
steers per lot. Individual and groups weights were taken 
initially and at approximate 30-day intervals. 
The corn silage was provided on a daily full-feed basis 
with each animal receiving 4.5 lb (4.05 lb DM) of balanced 
supplement (Table 2). The first phase was 60 days and covered 
the feeding from the upright silos. Piled silage was fed 
during the second phase (58 days) (results will be discussed 
later) . 
Corn stover 
Four experiments were conducted using corn stover. In 
the first experiment a total of 16 laboratory silos were used 
in a completely randomized design with four treatments and 
four replications per treatment. The corn stover used was a 
fine ground material reconstituted with distilled water to 
46% DM. The four treatments were: control, 50 ppm bacterial 
inoculum, 1% (DM) gum arabic, and 50 ppm bacterial inoculum + 
1% (DM) gum arabic. The gum arabic was an exudate of Acacia 
sp. harvested from Sudan. The sugar constituents are mainly 
5-carbon sugars such as L-arabinose and L-rhamnose in addition 
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Table 2, Composition of supplement 
Item % 
Ground corn 89.00 
Soybean meal 5.50 
Premix: 
Defl. phosphate 2.75 
Calcium carbonate 0.55 
Salt 0.55 
Urea 0.82 
Dynamate 0.14 
D.S.B. premix 0.28 
Dried molasses 0.32 
MGA 0.09 
100.00 
to D-galactose and D-glucuronic acid. 
In the second experiment, a total of 16 laboratory silos 
were used. The design was completely randomized using four 
treatments and four replications per treatment. The treat­
ments were: control, bacterial inoculum at 50 ppm, Si-Lo-Fame 
at 250 ppm, and Sila-Bac at 500 ppm. The corn stover used in 
this experiment was a coarse ground material and it was recon­
stituted with distilled water to 43% DM. 
The same corn stover material was used in the third 
experiment. The design included five treatments with four 
replications per treatment. The treatments were; control, 
RCS + 2.5% gum arabic, RCS + 5% gum arabic, RCS + 2.5% gum 
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arable + 50 ppm bacterial inoculum, and RCS + 5% gum arabic 
+ 50 ppm bacterial inoculum. The additives were hand mixed 
with the corn stover prior to ensiling. 
In the 4th experiment, a completely randomized design 
was used with two treatments, a control and bacterial inocu­
lum (50 ppm), and four replications per treatment. The silos 
were placed in the temperature controlled water bath as de­
scribed before. 
Alfalfa 
In the first experiment, both HMA (ca. 28% DM) and LMA 
were used. The LMA was the same material described in the 
preliminary experiment, but it was reconstituted to 56% DM. 
The design was a 2x4 factorial, with two moisture levels, 
four treatments and four replications per treatment. The 
treatments were: control, bacterial inoculum (50 ppm), 
Si-Lo-Fame (250 ppm), and Sila-Bac (500 ppm). In the second 
experiment only HMA (ca. 28% DM) was used. The design was 
completely randomized, using three treatments and four repli­
cations per treatment. The treatments were: control, HMA + 
5% 0-lactose, and HMA + 5% 3-lactose + 50 ppm bacterial 
inoculum. In addition, the HMA was also incubated in a tem­
perature controlled water bath as described for WPC and corn 
stover. The design was a 2x2 factorial, using two tempera­
tures and two treatments with four replications per treatment. 
The two temperatures were the room temperature (ca. 25 C) and 
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the temperature controlled water bath; The treatments 
were» control, and bacterial inoculum (50 ppm). 
Post Ensiling Analytical Methods 
Except for pH and TA, all the analyses were carried out 
on the frozen samples using the following procedures. DM 
determinations were carried out on duplicates by lyophilizing 
in a Virtis model USM-15 freeze dryer. Shelf temperature 
was maintained at -40 C.and the vacuum was 50 microns as out­
lined by Helsel (1977). After freeze drying, the samples 
were ground to pass a 1 mm sieve. 
Total nitrogen was determined in duplicate by the 
standard Kjeldahl method (ACAC, 1965), and was converted to 
crude protein by multiplying by the factor 6.25. Total ash 
was also determined using ACAC (1965). Acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) were determined 
according to Goering and Van Soest (1970). 
The compaction ratio of the silages was determined by 
dividing the weight of the ensiled material by the volume of 
space occupied by the silage in each silo. 
Water soluble extracts were made by horizontally shaking 
10 g of the silage material with 100 ml of distilled water + 
thymol (1 g of thymol per liter of distilled water) for 2 hr 
on a mechanical shaker at room temperature. The extract was 
filtered through three layers of cheese cloth and centrifuged 
at about 2000 rpm for 5 minutes and stored at 4 C in poly­
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ethylene bottles until ready for use. 
For VFA determination, 4 ml of the water extract were 
acidified with 1.0 ml of 25% metaphosphoric acid. The 
acidified solution was centrifuged at 2000 rpm for 10 minutes. 
The supernatant was analyzed for VFA using a model 152B gas 
chromatograph (Varian Aerograph, Walnut Creek, California) 
fitted with stainless steel columns, 1.83 m by 3.18 mm O.D. 
Columns were packed with 2% NPGS on chromosorb PAW 80/100 
plus 2.0% HgPO^. Operating conditions were the same as re­
ported by Baumgardt (1964). 
The water extract was analyzed for LA using the procedure 
described by Barker and Summerson (1941). 
WSN was determined on the water soluble extract by the 
Technicon Auto Analyzer using modifications of the procedure 
described by O'Neil and Webb (1970). 
Soluble ammonia nitrogen (NH^-N) was determined on the 
water soluble extract by a modified procedure described by 
Technicon Corporation (1960). 
The pH was determined by using 10 g of the fresh silage 
material shaken with 50 ml distilled water for 5 minutes. 
An Orion digital pH meter (Model 701) was used. 
TA was determined after the pH was measured, using a 
2-ml aliquot added to 20 ml deionized water and titrated 
against .1 N NaOH using a phenolphthalein end point (AOAC, 
1965). 
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The data were analyzed by the Statistical Analysis 
System (SAS) at the Iowa State University Computation Center. 
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RESULTS AND DISCUSSION 
Evaluation of the Laboratory Silos 
The preliminary experiment 
Differences in DM content, pH, TA, organic acids and 
gaseous losses of fermented WPC, RCS, HMA, and LMA are shown 
in Table 3. There was no significant difference in DM 
content (a=,55) of ensiled WPC at the two different periods. 
However, RCS, HMA and LMA showed a significant difference in 
DM content, P<,006, P<.05, and P<.03, respectively. In 
general, the DM variable showed a small SD across the 
four substrates ranging from a minimum of .92 in HMA to a 
maximum of 1.23 in RCS. The C.V. was also small, ranging 
from 1.4% in LMA to 3.35% in HMA. The relatively high stan­
dard deviation reported for RCS was most likely attributed to 
sampling error. In preparation for ensiling, the corn stover 
was reconstituted to 50% DM and representative subsamples 
were difficult to obtain after only a 24-hr equilibration. 
The high C.V. value reported for the HMA was due to the varia­
tion in the pressure applied which resulted in juice losses 
from some silos containing the HMA. This problem was re­
solved in subsequent experiments by applying a minimal 
pressure to the HMA. 
There was no significant difference in pH between the two 
ensiling periods for WPC (a=.l6) and RCS (a=.21), unlike HMA 
and LMA where a significant difference was reported, P<.07 
Table 3. Dry matter (DM), pH, titratable acidity (TA), organic acids, and gaseous 
losses of whole plant corn (WPC), reconstituted corn stover (RCS), high 
moisture alfalfa (HMA), and low moisture alfalfa (LMA), ensiled for two 
Substrate Item 
Ensilina neriod^ 
3 weeks 5 weeks Mean^ SD 
Probability 
level C.V. 
WPC DM, % 36.53 36.08 36.31 1.15 .55 3.17 
pH 3.75 3.73 3.74 0.02 .16 0.55 
TA (meq.l N 
NaOH/g DM) 0.93 0.69 0.81 0,05 ,0008 6.73 
LA 
% DM 5.41 4.15 4.78 0.70 .02 14.50 
Acetate, % DM 1.67 1.42 1.55 0.21 .09 13.70 
CO2, mg/g 3.42 5.44 4.43 0.90 .008 20.20 
NH3-N, % total N 6.83 7.68 7.25 0.63 .064 8.75 
RCS DM, % 47.70 50.60 49.15 1.23 .006 2.51 
pH 5.00 5.06 5.03 0.07 .21 1.35 
TA (meq.l N 
NaOH/g DM) 0.28 0.29 0.285 0.04 .11 13.25 
LA 
% DM 0.23 0.15 0.19 0.024 .0005 12.33 
Acetate, % DM 1.80 0.86 1.33 0.22 .0003 16.39 
^Each value is an average of 5 silos. 
^Each mean is an average of 10 silos. 
Table 3. (Continued) 
Ensiling period Probability 
level Substrate Item 3 -weeks 5 weeks Mean SD C.V. 
RCS CO2» mg/g 3.02 3.62 3.32 0.43 .06 12.90 
NH^-N, % total N 7.75 10.72 9.24 1.13 .004 12.31 
H MA DM, % 28.24 26.90 27.57 0.92 .05 3.35 
pH 4.50 4.45 4.47 0.04 .07 0.80 
TA (meq.l N 
NaOH/g DM) 1.22 0.90 1.06 0.10 .0018 9.80 
LA 
% DM 6.85 7.00 6.92 0.94 .80 13.56 
Acetate, % DM 3.90 2.66 3.28 0.37 .0011 11.39 
COg mg/g 11.28 12.90 12.09 0.57 .0023 4.73 
NH^-N, % total N 10.28 10.65 10.47 1.01 .58 9.67 
LMA DM, % 68.08 69.73 68.91 0.97 .03 1.40 
pH 6.03 5.59 5.81 0.29 .038 4.98 
TA (meq.l N 
NaOH/g DM) 0.68 0.45 0.57 0.06 .0006 10.94 
LA 
% DM 0.96 0,35 0.66 0,24 .0045 37.04 
Acetate, % DM 0.52 0.43 0.47 0.08 .13 17.20 
CO2» mg/g 1.40 3.33 2.37 0.35 .0001 14.78 
NHg-N, % total N 7.77 6.06 6.91 0.93 .02 13.51 
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and P<.038, respectively. The stable pH in case of WPC 
would indicate that a predominant LA fermentation took place. 
The pH variable has the lowest SD and C.V. compared to all 
the variables measured. Also, relatively higher SD and C.V. 
values were reported for LMA and RCS; the high DM content of LMA 
(Table 4) and RCS may be a contributing factor. 
There was a significant difference between the two en­
siling periods in TA for WPC (P<,0008), HMA (P<,002) and LMA 
(P<. .0006). However, there was no significant difference in 
case of RCS (a=.11). TA was high during the 3 weeks ensiling 
period for all the substrates except RCS. The TA variable 
experienced a high variation in case of LMA and RCS. Part of 
this variation could be related to the fact that the water 
extracts for LMA and RCS were turbid and unclear and it was 
very difficult to identify the end point, in contrast to 
WPC and HMA which both had a clear water extract. 
LA was significantly different in the two ensiling 
periods in case of WPC (P<.02), RCS (P<.0005) and LMA (P< 
.0045). No significant difference (a=.8) was observed in 
case of HMA. A higher LA value during the 3 weeks ensiling 
period was reported for all the substrates except the HMA. 
The increase in the amount of COg output during the 5 weeks 
ensiling period was significant in WPC (P<,008), RCS (P<,06), 
HMA (P<.0023) and LMA (P<.0001). Acetate on the other hand was 
significantly decreased (P<,008) during the 5 weeks period in 
all the substrates except LMA (a=,13). 
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Table 4. Chemical composition of the nonensiled substrates 
Substrate 
Corn stover 
Fine 
ground^ 
Coarse 
ground^ 
Alfalfa 
Item WPC^ HMA LMA'^ 
DM, % 37.43 84.75 86.18 28.07 67.60 
CP, % DM 10.47 4.21 4.04 22.22 23.37 
Ash, % DM 5.58 6.52 8.19 9.08 9.60 
NDF, % 55.14 68.82 73.31 34.24 34.20 
ADF, % 20.60 41.84 48.30 24.80 24.90 
Hemicellulose, % 34.14 26.95 25.01 9.44 9.30 
WSN, % total N 16.42 12.93 13.73 12.84 14.66 
NH^-N, % total N 4.60 2.11 2.40 2.30 4.74 
% NH-N to WSN 28.01 16.32 . 17.48 17.91 32.33 
PH 5.38 6.72 6.96 5.53 5.96 
^The same material was ensiled in the farm and the lab­
oratory silos. 
^Corn stover reconstituted and used in the preliminary 
and the ensiling Experiment I. 
^Corn stover reconstituted and used in the rest of the 
ensiling experiments. 
^This was the material used in the preliminary experi­
ment. The same material was then reconstituted to 56% DM* 
and used with HMA in ensiling Experiment II. 
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Aitunonia-N expressed as % total N followed the same trend 
as COg output with a significant increase during the 5 weeks 
ensiling period for WPC (P<.064), RCS (P<.004), and LMA 
(P<.02). The increase, was not significant for HMA (a=.58). 
The significant difference in the amounts of pH, LA, 
acetate, COg* TA, and NHg-N for all the substrates as sum­
marized in Table 5 indicate that clostridial fermentation 
took place during the 5 weeks ensiling period, COg has 
relatively high C.V. value which could be due to the difficul­
ties encountered in trapping the gas. More refinement in CO2 
determination is needed. In all the four substrates, RCS and 
LMA experienced a relatively high amount of variation, es­
pecially in case of LA, acetate, and CO2. WPC and HMA were 
very consistent and satisfactorily ensiled during both periods. 
Multiple correlations of the different ensiling charac­
teristics were summarized in Table 6. LA was highly corre­
lated with TA (P<.0001), acetate (P<.000l), COg (P<.000l), and 
negatively correlated with pH (P<.000l), respectively. TA 
was highly correlated with acetate (P<.000l), CO2 (P<.000l), 
and negatively correlated with pH (P<.0052). There was also 
a highly significant correlation between acetate and COg 
(p<.000l). NHg-N was highly correlated with COg (P<.000l) and 
acetate (P<.003). The significant negative correlation between 
LA and pH is in agreement with the correlation reported by 
Gordon et al. (1964) using orchardgrass. The positive 
Table 5, Effect of length of fermentation on the ensiling characteristics of the 
substrates 
3 weeks 5 weeks P robabi1ity 
level Item Mean^ SD C.V. Mean SD C.V. 
DM, % 45.14 1.20 2.67 45.83 0.93 2.03 .047 
pH 4.82 0.17 3.55 4.71 0.13 2.07 .02 
TA (meq.IN-
NaOH/g DM) 
0.78 0.05 6.85 0.58 0.08 14.02 .0001 
LA, % DM 3.36 0.55 16.40 2.91 0.64 21.88 .02 
Acetate, % DM 1.97 0.26 13.01 1.34 0.23 17.20 .0001 
COg, mg/g 4.78 0.41 8.56 6.33 0.74 11.71 .0001 
NH^-N, % total N 8.16 1.07 13.10 8.78 0.81 9.22 .044 
^Each mean is an average of 20 silos. 
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Table 6, Correlation coefficients, prediction of LA and pH 
from other ensiling characteristics 
LA TA Acetate CO2 pH 
LA 1.00 .90 .77 .81 — .68 
.0001 .0001 .0001 .0001 
TA .90 
0
 
0
 
H
 .70 .65 -.43 
.0001 .0001 .0001 .0052 
Acetate .77 .70 1.00 .81 — .48 
.0001 .0001 .0001 .0018 
CO- .81 .65 .81 
0
 
0
 
1—1 
-.40 
z 
.0001 .0001 .0001 .01 
pH — , 68 -.43 —  . 4 8  -.40 1.00 
.0001 .0052 .0018 .01 
NH3-N, .31 .19 .46 .60 -.08 
% total N .05 .23 .003 .0001 .59 
significant correlations between LA, COg and acetate might 
indicate that a heterolactic type fermentation predominanted 
(Whittenbury, 1958). 
Regression equations were used to predict LA and pH. 
Highly significant F values (P<.000l) were presented 
for regression, and the following formulae were derived: 
(A) LA 
YII = 4.0 - 1.14 (X^) + 5.07 (XG) + .24 (X3) - .03 (X^) 
= .9692 (P < .0001) 
52 
^21 ^ 4.74 - 1.21(%i) + S.SCXg) + .IZCXg) - .05(X^) 
= .984 (P < .0001) 
= 1.4 - .9i(Xj^) + e.zscxg) + .zecxg) + .06(x^) 
= .988 , (P < .0001), 
Y^2 = 3.83 - 1.15(X^ + 5.13(X2) + .23(X3) 
R^ = .969 (P < .0001) 
Ygg = 4.56 - 1.24(X^) + S.SSCXg) + .KX^) 
R^ = ,984 (P < .0001) 
Yg2 = 2.31 - .97(X^) + 5.57(X2) + .S^fX^) 
= .987 (P < .0001) 
Model 1 = LA regressed on pH, TA, CO2 and NH^-N, % total N. 
Model 2 = LA regressed on pH, TA and CO2. 
(B) pH 
= 4.47 - .41(Xg) + 2.32(Xg) 
= .62 (P < .0001) 
yg = 3.97 - .64(Xg) + 3.87(Xg) 
= .86 (P < .0001) 
yg = 4.35 - .36(Xg) + 2.38(Xg) 
R^ = .51 (P < .''024) 
where 
(A) LA 
Y^^ = predictable LA using model 1 
Y21 = predictable LA following 21 days of ensiling, 
using model 1 
Y31 = predictable LA following 35 days of ensiling, 
using model 1 
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Y^2 = predictable LA, using model 2 
Y52 = predictable LA following 21 days of ensiling, 
using model 2 
Yg2 = predictable LA following 35 days of ensiling, 
using model 2 
= pH 
Xg = TA in meq.lN NaOH/g DM 
X3 = CO2 output in mg/g 
= NH3-N, % total N 
(B) pH 
y^ = predictable pH 
yg = predictable pH following 21 days of ensiling 
yg = predictable pH following 35 days of ensiling 
Xg = LA (% DM) 
Xg = TA in meq.lN NaOH/g DM 
Applicability of the above described formulae was tested 
and the following LA and pH predicted values are listed in 
Table 7. 
The predictability of LA was more accurate than pH. 
NHg-N did not seem to be critical in the prediction of LA, 
2 
since R value was not affected when NH^-N was deleted from 
the model. 
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Table 7. Predicted LA and pH values of HMA as determined by-
multiple regression equations 
Item 
Predicted 
value 
True 
value 
LA, model 1 6.88 6.92 
LA, model 1 (21 days of ensiling) 6.85 6.85 
LA, model 1 (35 days of ensiling) 6.99 7.00 
LA, model 2 6.93 6.92 
LA, model 2 (21 days of ensiling) 6.86 6.85 
LA, model 2 (35 days of ensiling) 7.02 7.00 
pH 4.10 4.47 
pH (21 days of ensiling) 4.31 4.50 
pH (35 days of ensiling) 4.00 4.45 
®The formulae were applied both to means in each ensil­
ing period and to the overall means of the two periods pooled 
together, as listed in Table 3. 
Whole plant corn, Experiment I 
Table 8 summarizes the DM content, total weight and DM 
losses and CO2 output of WPC treated with bacterial inoculum 
at two different rates. There was no significant difference 
(a=.05) in DM content, weight loss, DM loss, CO2 output and % 
CO2 to DM loss due to the inoculum treatment. 
pH, TA and organic acids are reported in Table 9. The 
treated silages had a significantly lower LA content (P<.Ol), 
However, there was no significant difference (a=.05) on pH, 
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Table 8. Ensiling losses of WPC treated with bacterial inocu­
lum at two different rates in ensiling Experiment 1® 
Bacterial inoculum treatment 
(ppm. of ensiled material) 
10 50 
DM content, % 37.00^ 36.73b 35.90^ 
Total weight loss, % .79C .76^ .75C 
DM loss, % .74^ .70^ .72^ 
CO 2, mg/g 5.98® 5.56® 6.62® 
% CO2 to DM loss 81.00^ 80.50^ 93.25^ 
Values expressed as means of four silos per treatment, 
b,c,d,e,f^g2^g in the same row with different super­
scripts differ significantly (P<.05). 
Table 9. pH, TA and organic acids of ensiled WPC treated with 
bacterial inoculum at two different rates in ensil­
ing Experiment 1^ 
Bacterial inoculum treatment 
(ppm. of ensiled material) 
10 50 
LA, % DM 
pH 
TA, meq.IN NaOH/g DM 
Acetate, % DM 
Propionate, % DM 
6.00" 
3.795^ 
.913* 
1.33^ 
.089 
5.01^ 
3.780^ 
.905* 
1.12^ 
.07-
5.03^ 
3.775' 
.903* 
1.31^ 
.ll9 
^Values expressed as means of four silos per treatment. 
b,c,d,e,f,g^gg^g in the same row with different super­
scripts differ significantly (P<.0l). 
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TA, acetate and propionate contents of the silages. 
Although there was a significant difference in LA content, 
it didn't seem to be critical enough to exert any effect on 
pH or TA. 
Changes in CP, WSN, NH^-N and total ash of the silages 
are summarized in Table 10. There was no significant differ­
ence {a=.Ol) between the control and treated silages in CP, 
WSN, NHg-N and total ash. Based on those results, it could 
be concluded that under the conditions of this experiment WPC 
did not benefit from bacterial inoculation. These findings 
are in agreement with Burghardi et al. (1977) and Chapman 
et al. (1962) who did not find any significant response due to 
inoculating corn silage with a mixture of lactic acid produc­
ing bacteria. 
Experiment II 
Table 11 summarizes the DM content, total weight and DM 
losses, CO2 loss, % CO2 to DM loss and compaction ratio of WPC 
at two different moisture levels following treatment with 
silage additives. Ensiling at two different moistures resulted 
in silages with significantly (P<.000l) different DM content. 
There was also a significant difference (P<.04) in DM content 
due to the additive treatment. The interaction between 
moisture and additive treatment was also significant (P<.0002). 
57 
Table 10. Changes in the nitrogen.fraction and total ash of 
ensiled WPC, treated with bacterial inoculum at 
two different rates in ensiling Experiment 1^ 
Bacterial 
(oom, of 
inoculum treatment 
ensiled material) 
0 10 50 
CP, % DM 9.54b 9.59b 9.98^ 
WSN, % total N 19.29C 2O.43C 2O.I4C 
NHg-N, % total N 8.90^ 8.10^ 7.95^ 
% NH3-N to WSN 46.14 39.65 39.47 
Total ash, % DM 5.12® 5.27® 5.35® 
^Values expressed as means of four silos per treatment. 
b,c,d,e^g2^g in the same row with different super­
scripts differ significantly (P<.Ol). 
Within each moisture level, there were significant decreases 
in DM content due to additive treatment at the 62% moisture 
level and significant increases in DM content at the 32% mois­
ture level. The DM decreases and increases due to the addi­
tive treatments are explained by the total weight and DM 
losses. Total weight and DM losses at 62% moisture level 
tended to increase due to the additives treatment, whereas it 
tended to decrease at the 32% moisture level. Moisture rather 
than additives exerted a significant effect (P<.000l) on total 
weight and DM losses. The additives did not have any signifi­
cant effect (a=.05) on both total weight and DM losses. " 
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Table 11, Effects of silage additives and moisture level on 
ensiling losses of WC in ensiling Experiment 11^ 
Moisture 0 
Silage additive 
Bacterial 
inoculum 
50 ppm 
Sila-Bac 
500 ppm 
Si-Lo-Fame 
250 ppm Mean 
62% 
32% 
Mean 
36,52 
65.52 
51.02 
DM content, 
34.78 35.19 
66.49 68.00 
50.63 51.60 
35.30 
67.71 
51.51 
35.45 
66.93 
51.19 
62% 
32% 
Mean 
.47 
1.19 
.83 
Total weight loss, % 
.56 
1.16 
. 86  
.53 
1.25 
.89 
.56 
1.06 
.81 
.53 
1.17 
.85 
62% 
32% 
Mean 
62% 
32% 
Mean 
.47 
1.17 
. 8 2  
4.53 
2.73 
3.63 
DM loss, % 
.52 .50 
1.16 1.25 
.84 .875 
CO- evolution, mg/g®*^ 
5.23 
2.83 
4.03 
4.01 
2.94 
3.48 
.53 
1.05 
.79 
2.54 
3.16 
2.85 
.51 
1.16 
.83 
4.08 
2.90 
3.49 
ar Each moisture-additive treatment value is expressed as 
a mean of four silos. 
All the additives are applied in ppm of the ensiled 
material, 
^The two moisture levels (62% and 32%) differ signifi­
cantly (P<.0001). 
^Significant response due to additive treatment (P<.04). 
LSD .05 = .73. 
The two moisture levels (62% and 32%) differ signifi­
cantly (P<.0007). 
^Significant response due to additive treatment (P<.05). 
LSD .05 = .84. 
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Table 11. (Continued) 
Silage additive 
Moisture 0 
Bacterial 
inoculum 
50 ppm 
Sila-Bac 
500 ppm 
Sil-Lo-Fame 
250 ppm Mean 
% COg to DM loss^'G 
62% 96.15 100.97 82.23 48.37 81.93 
32% 23.20 24.45 23.55 30.13 25.33 
Mean 59.67 62.71 52.89 39.25 53.63 
o 
Compaction ratio, g/cm c,h 
62% .57 • .58 .57 .51 .56 
32% .31 .31 .34 .29 .31 
Mean .44 .44 .45 .40 .43 
^Significant response due to additive treatment (P<.023). 
LSD .01 = 21.15 and LSD .05 = 15.60. 
^Significant response due to additive treatment (P<.0085), 
LSD .01 = .042 and LSD .05 = .031. 
However, there was a significant interaction between moisture 
and additives in case of both total weight and DM losses (P< 
.0024 and P<,007, respectively). Total weight and DM losses 
followed the same trend and this is expected due to the high 
and significant correlation (P<.000l) between weight loss and 
DM loss (Appendix Table 40). 
Moisture has a significant effect (P<.0007) on COg loss 
and also there was a significant response (P<.04) due to addi­
tive treatment. It is apparent that COg production increased 
with increasing moisture level. This is in agreement with 
Dunford (1973). 
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The bacterial inoculum treatment resulted in the highest 
CO2 loss and also the highest ratio of CO2 to DM loss. Be­
tween 48 to 100% of the DM loss was due to COg loss in case of 
the 62% moisture corn whereas only 23 to 30% of the DM loss 
was due to CO^ loss in case of the 32% moisture corn. There 
was a significant interaction between moisture and additives 
treatment in case of CO2 loss. 
The compaction ratio or density was significantly (P< 
.0001) affected by moisture content.. The 62% moisture corn 
packed better than the 32% moisture; material. The compaction 
ratio values reported for the 62% moisture corn are in agree-
3 
ment with the density value oT .56 g/cm reported by Bellman 
(1975) for WPC ensiled at 54.6% moisture using a tower silo. 
There was a significant difference between additives on com­
paction ratio (P<.0085). The Si-Lo-Fame treated corn silage 
I 
had the lower density (P<.05). However, there was nq sig­
nificant interaction (a=.31) between moisture and additives in 
case of compaction ratios. ^ 
pH,, TA and organic acids of the treated silages are sum­
marized in Table 12. Moisture had a significant effect (P< 
.0001) on both pH and TA. The additives treatment also sig-
i I 
nificantly affected pH (P<.0004). The bacterial inoculum 
treated silage had the lowest pH and the highest .TA unlike the 
r. I , 
other silages which had more or less, pH and TA values similar 
^ - , 
to the control. This could be explained by the relatively 
higher, although not significant (&=.05), LA content 
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Table 12. Effects of silage additives and moisture level on 
pH, TA and organic acids of WPC in ensiling 
Experiment 11^ 
Silage additive^ 
Moisture 0 
Bacterial 
inoculum 
50 ppm 
Sila-Bac 
500 ppm 
Si-Lo-Fame 
250 ppm Mean 
PH' 
c,d 
62% 3.83 3.81 3.84 3.83 3.83 
32% 4.36 4.26 4.31 4.34 4.31 
Mean 4.09 4.03 4.07 4.08 4.07 
TA , meq.lN NaOH/g DM^ 
62% .865 .935 .88 .998 .92 
32% .42 .455 .43 .398 .43 
Mean .64 .695 .66 .69 .67 
LA, % DM*^ 
62% 4.45 5.07 4.86 4.90 4.82 
32% 1.22 1.29 1.12 1.22 1.21 
Mean 2.83 3.18 2.99 3.06 3.01 
Acetate, % DM^"'® 
62% 2.22 2.26 2.49 1.66 2.16 
32% 1.08 .90 1.095 1.06 1.03 
Mean 1.65 1,58 1.79 1.36 1.59 
^Each moisture-additive treatment value is expressed as 
a mean of four silos. 
^All the additives are applied in ppm of the ensiled 
material. 
^The two moisture levels (62% and 32%) differ signifi 
cantly (P< .0001). 
^Significant response due to additive treatment (P< 
.0004). LSD .01 = .034 and LSD .05 = .025. 
^Significant response due to additive treatment (p< 
.013). LSD .01 = .338 and LSD .05 = .25. 
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Table 12. (Continued) 
Silage additive 
Bacterial 
inoculum Sila-Bac Si-Lo-Fame 
Moisture 0 50 ppm 500 ppm 250 ppm Mean 
Propionate, % DM^ 
62% .73 .74 .80 .59 .74 
32% .57 .55 .49 .57 .55 
Mean .65 .65 .68 .58 .64 
^The two moisture levels (62% and 32%) differ signifi­
cantly (P<.0005), 
of the bacterial inoculated WPC. The LA values for the 
the 62% moisture corn are in agreement with the levels of 
4.5 to 7.3% (DM) reported by Britt and Huber (1975), Harmon 
et al. (1975) and Schingoethe et al. (1974). 
There was also significant (P<.000l) moisture effect 
on the acetate content of the silages. The additives also sig­
nificantly (P<,013) affected the acetate content of the si­
lages, with a significantly (P<.05) lower acetate value for 
the Si-Lo-Fame treated silage. Moisture also had a signifi­
cant effect (P<.0005) on the propionate content of the si­
lages. There was no significant interaction between moisture 
and additives (a=.l) for pH, TA, lactate and acetate, re­
spectively. However, there was a significant interaction 
(P<.06) between moisture and additives in case of propionate. 
The changes in CP, WSN, NH^-N and total ash content of 
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of the silages are summarized in Table 13. There was a 
significant difference (P<.02) in the CP content of the silages 
between the moisture levels. This could be explained by the 
lower amount of NH^-N in the 32% moisture corn. There was 
also a significant (P<.000l) difference in the NH^-N content 
of the silages due to moisture content. The silage additives 
had no significant effect (a^.OS) on either CP or NH^-N con­
tents of the silages. Moisture also significantly (P<.000l) 
affected the WSN contents of the silages. The 32% moisture 
corn had the higher WSN content. It seems that NH^-N was not 
a major component in the WSN fraction of the 32% moisture 
corn. This is because approximately 32% of the WSN was 
NH^-N, whereas approximately 58% of the WSN was NHg-N in the 
62% moisture material. Across the two moisture levels, NHg-N 
comprised about 50% of the WSN fraction in WPC. There was 
also a significant (P<.003l) difference in the ash content of 
the silages due to moisture. This is explained by the total 
weight and DM loss which was not significantly higher in the 
32% moisture corn (Table 11). There was no significant inter­
action (G=.12) between moisture and additives in case of CP, 
WSN, NHg-N and total ash content of the silages, respectively. 
The data in ensiling Experiment II point to the importance of 
moisture rather than additives as factors affecting the ensil­
ing characteristics of WPC, Although there was no significant 
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Table 13. Effects-of silage additives and moisture level on 
the nitrogen fraction and total ash of WPC in 
ensiling Experiment 11^ 
Silaae additive^ 
Bacterial 
inoculum Sdla-Bac Si-Lo-Fame 
Moisture 0 50 ppm 500 ppm 250 ppm Mean 
CP; , % DM*^ 
62% 9.90 10.02 9.62 9.58 9.78 
32% 9.86 10.22 10.36 10.08 10.13 
Mean 9.88 10.12 10.00 9.83 9.95 
WSN, 9 total 
62% 13.10 11.86 12.14 14.66 12.94 
32% 15.72 16.78 15.14 16.47 16.03 
Mean 14.41 14.32 13.64 15.56 14.48 
NH3-N, % total 
62% 9.16 8.97 8.31 8.34 8.70 
32% 5.79 4.86 4.38 5.34 5.09 
Mean 7.47 6.92 6.35 6.84 6.89 
% NH3-•N to WSN^ 
62% 69.92 75.63 68.45 56.89 67.72 
32% 36.83 28.96 28.93 32.42 31.78 
Mean 53.38 52.30 48.69 44.66 49.75 
^Each moisture-additive treatment value is expressed as 
a mean of four silos. 
^All the additives are applied in ppm of the ensiled 
material. 
^The two moisture levels (62% and 32%) differ signifi-
cantly (P< .02) . 
*^The two moisture levels (62% and 32%) differ signifi­
cantly (P<.000l). 
^Significant response due to additive treatment (P<.042), 
LSD .01 = 1.77 and LSD .05 = 1.31. 
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Table 13. (Continued) 
Silage additive 
Bacterial 
inoculum Sila-Bac Si-Lo-Fame 
Moisture 0 30 ppm 500 ppm 250 ppm Mean 
Ash, % DM^ 
62% 4.55 4.84 4.35 5.03 4.69 
32% 5.51 5.32 5.18 5.36 5.35 
Mean 5.03 5.08 4.76 5.20 5.02 
^The two moisture levels (52% and 32%) differ signifi­
cantly (P<,0031), 
difference (a=,05) between the three additives in most of the 
ensiling characteristics, yet the bacterial inoculum and Sila-
Bac seem to be better than Si-Lo-Fame due to the relatively 
higher compaction ratio and lactic acid contents. Si-Lo-Fame 
had a significantly lower compaction ratio (P<.05) and a 
significantly higher WSN (P<.05) compared to both Sila-Bac 
and the bacterial inoculum. 
Experiment III 
Table 14 summarizes the DM content, total weight and 
DM losses, COg loss, % COg to DM loss and compaction ratio of 
WPG which was treated with bacterial inoculum and ensiled at 
two different temperature conditions. Due to the limited 
number of laboratory silos available, it was not possible to 
provide enough silos to compare the two temperatures at the 
same time. Accordingly, the two temperatures could not be 
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Table 14. Ensiling losses and compaction ratio of WPC, 
treated with bacterial inoculum and ensiled at two 
different temperatures in ensiling Experiment 
Silage additive 
Temperature 
Bacterial 
inoculum 
50 ppm of 
ensiled 
material Mean 
DM content, % 
Ti 36.52 34.78 35.65 
T2 36.80 36.29 36.54 
Mean 36.66 35.54 36.10 
Total weight loss, 
T, .47 .56 .51 
T2 .63 .64 .64 
Mean .55 .60 .58 
DM loss, 
T, .47 .52 .50 
T2 .60 .63 .61 
Mean .54 ,57 .56 
CO2 evolution, mg/g® 
T, 4.53 5.23 4.88 
T2 2.87 2.52 2.70 
Mean 3.70 3.88 3.79 
^Each temperature-additive treatment value is expressed 
as a mean of four silos. 
^T]_ = 25 C (room temperature) and T2 = water bath tempera­
ture. Refer to the description of the temperature in the 
Materials and Methods section. 
^The two temperatures (room temperature and water bath) 
differ significantly (P<.0024). 
^The two temperatures (room temperature and water bath) 
differ significantly (P<,0045). 
®The two temperatures (room temperature and water bath) 
differ significantly (P<.00l8). 
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Table 14. (Cont inued) 
Silage additive 
Bacterial 
inoculum 
50 ppm of 
ensiled 
Temperature 0 material Mean 
Tl 
TZ 
Mean 
Mean 
"F 
The two temperatures (room temperature and water bath) 
differ significantly (P<.0005). 
^The two temperatures (room temperature and water bath) 
differ significantly (P<,033), 
statistically analyzed due to the time factor. However, 
temperature-treatment interaction could be evaluated. 
The bacterial inoculum had no significant (a=.05) effect 
on DM content, total weight and DM losses, COg loss, % CO g to 
DM loss and compaction ratio of ensiled WPC. This is in 
agreement with Experiment I. There was no significant inter­
action (a=.31) between temperature and treatment for DM con­
tent, total weight loss (a=.l6), DM loss (P<.65), COg loss 
(P<,22), % COg to DM loss (a=,62) and compaction ratio (@=.50). 
In general, ensiling in the temperature controlled water bath 
% COg to DM loss^ 
96.15 100.97 98,56 
48.02 40.05 44.03 
72.08 70.51 71.30 
Compaction ratio, g/cm^ ^ 
.573 .578 .58 
.53 .50 .51 
.55 .54 .54 
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resulted in silages with higher total weight and DM losses, 
lower compaction ratios and COg output. 
pH, TA and organic acids of the silages are summarized 
in Table 15. The bacterial inoculum treated corn had a 
significantly higher pH (P<,0004) in contrast to Experiment I, 
and there was a significant interaction (P<,0002) between 
temperature and treatment in case of TA. The bacterial in­
oculum had no significant effect on the LA content of the 
silages (a=.05)j this is in agreement with Experiment II. 
However, there was a significant interaction (P<.045) between 
temperature and treatment in case of LA. There was a 
tendency towards higher LA production in the temperature con­
trolled water bath silages. This is in agreement with the 
findings of Lanigan (1963) who reported that a temperature 
range of 30 to 35 C was found to be the optimum for L. 
plantarum and L. curvatus. Both acetate and propionate 
contents were not significantly (a=.05) affected by the bac­
terial inoculum treatment. There was no significant inter­
action (a=.3l) between temperature and treatment in case of 
acetate. However, there was a significant interaction (P< 
.041) in case of propionate. In general, the WPC ensiled 
under room temperature conditions had higher TA, acetate and 
propionate and a lower pH. 
Table 16 summarizes the changes in CP, WSN, NH^-N and 
total ash of the corn silages. There was no significant effect 
(a=.05) on the CP content of the silages due to the additive 
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Table 15. pH, TA and organic acids of WPC, treated with bac­
terial inoculum and ensiled at two different tem­
peratures in ensiling Experiment I11^ 
Temperature 
Silage additive 
Bacterial 
inoculum 
50 ppm of 
ensiled 
material Mean 
Tl 
T2 
Mean 
pH , % DM 
3,83 
3.79 
3.81 
b,c 
3.81 
3.90 
3.85 
3.82 
3.85 
3.83 
Tl 
T2 
Mean 
TA, meq.lN NaOH/g DM 
.865 .935 
.90 .74 
.88 .84 
.90 
.82  
.86 
Mean 
LA, % dm' 
4.45 
6.70 
5.57 
5.07 
5.65 
5.36 
4.76 
6.17 
5.47 
T2 
Mean 
Acetate, % DM 
2 . 2 2  2 . 2 6  
1.46 1.63 
1.84 1.94 
2.24 
1.55 
1.89 
Each temperature-additive treatment value is expressed 
as a mean of four silos. Tj^ = 25 C (room temperature) and 
T2 = water bath temperature". 
^The two temperatures (room temperature and water bath) 
differ significantly (P<.0026). 
^Significant response due to additive treatment (P<.0004). 
^The two temperatures (room temperature and water bath) 
differ significantly (P<.006). 
®The two temperatures (room temperature and water bath) 
differ significantly (P<.0002). 
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Table 15, (Continued) 
Silage additive 
Bacterial 
inoculum 
50 ppm of 
ensiled 
Temperature 0 material Mean 
Mean 
^Significant response due to additive treatment (P<.035). 
treatment. There was no significant interaction (a=.7l) be­
tween temperature and treatment on CP content. The WSN was 
significantly (P<,007) decreased due to the bacterial inoculum 
treatment. This is in agreement with Experiment II, NH^-N 
was not significantly (a=.05) affected by the bacterial in­
oculum treatment. There was no significant interaction (a=.l) 
between temperature and treatment for both WSN and NH^-N. The 
bacterial inoculum had no significant effect on ash content of 
the silages. There was also no significant interaction 
(a=,78) between temperature and treatment in case of ash. The 
WPG ensiled under room temperature has relatively lower ash 
content. This is attributed to total weight and DM losses 
rather than the temperature per se. The WPG ensiled in the 
water bath resulted in silages with relatively lower NHg-N 
but higher ash and WSN. 
Propionate, % DM^ 
.73 .74 .74 
.51 .99 .64 
.62 .87 .74 
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Table 16. Changes in the nitrogen fraction and total ash of 
ensiled WPC treated with bacterial inoculum at two 
different temperatures in ensiling Experiment III^ 
Silage additive 
Bacterial inoculum 
50 ppm of 
0 ensiled material Mean 
CP, % DM 
Ti 9.90 10.02 9.96 
To 10.19 10.18 10.18 
Mean 10,05 10.10 10.07 
WSN, % total 
T, 13.10 • 11.86 12.48 
tJ 20.59 17.12 18.86 
Mean 16.85 14.49 15.67 
NH3-N, % total 
Ti 9.16 8.97 9.06 
Tg 7.38 7.57 7.53 
Mean 8.27 8.32 8.30 
% NH3-N to WSN 
T, 69.92 75.63 72.78 
T2 35.84 52.93 44.38 
Mean 52.88 64.28 58.58 
^Each temperature-additive treatment value is expressed 
as a mean of four silos. Tj = 25 C (room temperature) and 
T2 = water bath temperature. 
^The two temperatures (room temperature and water bath) 
differ significantly (P<.0003). 
^Significant response due to additive treatment (P<.007). 
^The two temperatures (room temperature and water bath) 
differ significantly (P<.028). 
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Table 16. (Continued) 
Silage additive 
Bacterial inoculum 
50 ppra of 
Temperature 0 ensiled material Mean 
Ash, % DM® 
Ti 4.55 4.84 4.69 
To 4.98 5.39 5.18 
Mean 4.76 5.11 4.94 
®The two temperatures (room temperature and water bath) 
differ significantly (P<.046). 
The room temperature ensiled corn compared to the water 
bath ensiled material seems to be superior in all the differ­
ent ensiling characteristics except in LA content. In two of 
the three experiments, only WSN seems to be significantly de­
creased due to the bacterial inoculum. LA, however, was not 
affected in the three experiments. 
The results of the three different experiments with WPC 
suggest that high energy substrates, such as WPC, did not 
benefit from silage additives. However, only WSN seems to be 
decreased as a result of using the additives. 
It seems that the available energy in WPC spares the 
protein from deamination and breakdown. This statement is 
supported by the decrease in the amounts of WSN and NH^-N 
of the bacterial inoculum treated silages. It is clear that 
proteolysis in WPC takes place before lactic acid bacteria 
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become dominant (Table 4) and thus when WPC is inoculated with 
bacterial additives, the lactic acid bacteria will dominate 
very quickly and inhibit the action of the proteolytic bacteria 
or plant enzymes resulting in preservation of the nitrogen 
fraction. 
The feeding trial 
The feeding trial results are summarized in Table l7. 
There were no significant (a=.54) additive effects on weight 
gain. An effect of housing was observed for period II, re­
flecting the very severe weather conditions prevailing during 
December and January. Feed efficiency results were similar 
in period I for both the control and treated silages. They 
were much higher and inconsistent by treatment and housing 
during period II. 
Carcass data (Table 17) showed no significant difference 
(a= .8) in quality grades, but a significant (P<.05) additive 
effect on yield grade. Other carcass measurements are needed 
to interpret this response. The higher weight for the open-lot 
carcasses resulted because only heifers from the heavy weight 
block were slaughtered. 
Table 18 shows the chemical composition and ensiling 
characteristics of both the tower and piled corn silages taken 
during both periods compared to the material ensiled in the 
laboratory silos. Unfortunately, statistical analysis could 
not be conducted to compare farm and laboratory silos due to 
Table 17, Performance of feedlot heifers fed corn silage treated with Si-Lo-Faxne 
Control silaae Treated silaae Probability level 
Type of lot^ Shelter Open Shelter Open Additive Housing C.V. 
No. pens/treatment 3 2 3 2 
No. animals/treatment 15 23 15 23 
Initial wt, lb 670.7 679.0 671,8 681.0 
Ave, daily gain, lb 
Period I (60 days) 3.34 3.31 3,35 3.40 0.54 0.92 11.9 
Period II (58 days) 2.13 1. 80 2.17 1,76 0.55 0.23 32.0 
Overall (118 days) 2.74 2.57 2.76 2.60 0.80 0. 86 12.1 
Ration DM fed, lb/day 
Supplement" 4.05 4.05 4.05 4.05 
Corn silage 
Period I 17.66 17.40 17.78 18.29 
Period II 18.23 17.87 18.08 18.75 
Overall 17.94 17.63 17.93 18.52 
Feed efficiency 
Period I 6.50 6.48 6.52 6.57 
Period II 10.46 12.17 10.20 12.80 
Overall 8.03 8,43 7.96 8.68 
Hot carcass wt, lb 604 633(27) 602 639(28) 0.99 0.0001 4.2 
Quality graded 11.2 11,0 11.0 11.0 0.80 0.80 13.6 
Yield grade 3.36 3,13 2.93 2.92 0.05 0.52 19.5 
^See materials and methods section for description of cattle lots, 
^See Table 2, 
^Slaughtered only the heavy weight replicate of the heifers in open lots. 
Number slaughtered shown in parentheses 
Quality grade: 11 = average choice, 12 = high choice. 
Table 18. Chemical composition of Si-Lo-Fame treated WPC 
ensiled in upright farm silos^ and pile versus 
laboratory silos 
Amount of 
Si-Lo-Fame, 
ppm 
Type of 
silo DM, % CP, % DM 
Ash, 
% DM pH 
0 Upright^ 
Upright 
39.34 
38.33 
9.77 
9.77 
5.31 
5.20 
3.91 
3.95 
X 38. 84 9.77 5.25 3.93 
Pilef 
Pile® 
38.49 
38.50 
10.69 
10.90 
6.10 
6.11 
4.08 
4.12 
X 38.50 10.80 6.11 4.10 
Laboratory 
silos^ 36.52 9.90 4.55 3.83 
250 Upright^ 
Upright^ 
36.58 
39.03 
10.00 
10.12 
5.83 
5.54 
3.95 
3.94 
X 37.81 10.06 5.69 3.95 
Pilef 
Pile® 
35.81 
39.16 
10.93 
11.11 
7.42 
6.70 
4.49 
4.20 
X 37.49 11.02 7.06 4.35 
Laboratory 
silosf 35.30 9.58 5.03 3.83 
Farm silos were filled on 9-5-77 and all the analyses on 
farm silos were carried out in duplicate and the average was 
recorded. 
^Silage sample taken on 11-8-77 from middle 1/3 of the 
upright silos. 
^Silage sample taken on 11-23-77 from bottom 1/3 of the 
upright silos. 
*^Silage sample taken on 12-29-77 from the piled silage. 
®Silage sample taken on 1-20-78 from the piled silage. 
f The values under laboratory silos were expressed as a 
mean of four silos for each item. 
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WSN, NH3-N, 
Acetate, Propionate, % % % NH3-N, 
LA, % DM % DM % DM total N total N to WSN 
3.00 1.22 Trace 24.20 9.37 38.70 
3.85 1.10 Trace 23.30 9.96 42.70 
3.43 1.16 Trace 23.75 9.67 40.70 
3.96 1.75 Trace 24.06 10.38 43.14 
3.90 1.82 Trace 25.94 10.73 41.40 
3.93 1.79 Trace 25.00 10.56 42.27 
4.45 2.22 0.73 13.10 9.16 69.92 
3.64 1.31 Trace 26.00 9.50 36.50 
3.74 2.11 Trace 23.10 9.58 41.50 
3.69 1.71 Trace 24.55 9.54 39.00 
2.90 2.74 Trace 24.78 11.17 45.10 
3.32 2.11 Trace 27.30 11.60 42.50 
3.11 2.43 Trace 26.04 11.39 43.80 
4.90 1.66 0.59 14.66 8.34 56.90 
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the lack of replication in case of farm silos. However, 
laboratory ensiled corn seemed to be superior in quality com­
pared to the farm silages, due to the high LA, low pH 
and lower contents of both and WSN (Table 18), This 
proves that laboratory silos did simulate ensiling conditions 
typical, if not better, than farm conditions. In general, 
the pH and the LA values in all the silages indicate fairly 
high quality silages. 
The results of the feeding trial did not show any 
apparent enhancement of feeding value for the treated silage. 
This is in agreement with the laboratory ensiling Experiment II 
which is a further evidence that laboratory silos typified 
farm silos. The lack of response due to the Si-Lo-Fame treat­
ment may be masked by the relatively near-ideal conditions 
which existed during the course of the study. The near-ideal 
conditions include the rapid rate of filling, the fine 
uniform chop, the reasonable moisture content and the high 
quality corn plant to start with. 
Additional tests should include a moisture (density) 
variable, and the feeding of younger cattle, both limited and 
full fed. 
Corn stover. Experiment I 
Table 19 summarizes the DM content, total weight and DM 
losses, CO2 output and % CO2 to Dh loss in RCS treated with 
bacterial inoculum and gum arabic in ensiling Experiment I. 
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Table 19. Ensiling losses of RCS treated with bacterial 
inoculum and gum arable in ensiling Experiment I® 
Silage additive 
Bacterial 
inoculum 
5 0 ppm 
Bacterial Gum + gum 
inoculum arabic. arabic. 
Item 0 50 ppm 1% (DM) 1% (DM) 
DM content, % 49.44 49.41 48.12 48.00 
Total weight loss, % 1.32^ .69^ 1.39^ .71^ 
DM loss, % 1.25^ .69® 1.41^ .72® 
COg, mg/g 4.68 3.95 5.22 4.23 
% COg to DM loss 35.75^ 67.259 o
 
o
 
o
 H,
 
59.50^ 
^Values expressed as means of four silos per treatment. 
^'^Means in the same row with different superscripts 
differ significantly (P<.000l). LSD .01 = .29 and LSD .05 
= .21. 
"^'^Means in the same row with different superscripts 
differ significantly (P<.0001), LSD .01 = .116 and LSD .05 = 
.083. 
Cleans in the same row with different superscripts 
differ significantly (P<.0028). LSD .01 = 22.26 and LSD .05 
= 15.88. 
There was no significant difference (a=.05) in DM content of 
the stover silages due to the additive treatments. Both total 
weight and DM losses were significantly reduced (P<.0001) by 
the bacterial inoculum treatment. Gum arabic had no signifi­
cant effect. However, when both gum arabic and the bacterial 
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inoculum were added together a significant (P<.000l) decrease 
in both total weight and DM losses was observed. The decrease 
in the weight and DM losses due to the bacterial inoculum 
could be explained by the decrease in CO2 and NH^-N losses. 
There was no significant difference in CO2 evolution, but the 
bacterial treated silages seem to have lower amounts of evolved 
CO2. The % CO2 to DM loss was significantly lower (P<.0028) 
for both the control and gum arabic treated stover silages. 
This is because the weight loss was greater for both control 
and gum arabic treated stover silages. 
Table 20 summarizes the pH, TA and organic acid contents 
of the stover silages. There was a significant decrease 
(P<.000l) in pH due to the additive treatments. The bacterial 
inoculum by itself and when added together with gum arabic 
resulted in silages with similar and lower pH values. The 
gum arabic treated silage had a significantly (P<.Ol) higher 
pH value compared to the control. The higher pH for the gum 
arabic treated silage could be due to the buffering effect 
of the higher NH^-N level and mainly to the significantly lower 
contents of TA and LA. Both TA and LA were significantly lower 
for the control and gum arabic treated stover silages (P<.0Ô14 
and P<.0001, respectively). Acetate was significantly affected 
(P<.000l) by the additive treatments. The bacterial inoculum 
treatment and the inoculum + gum arabic had similar and higher 
contents of acetate compared to the control and the gum arabic 
treated silages. There was no butyrate in either the bacterial 
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Table 20, pH, TA and organic acids of ensiled RCS, treated 
with bacterial inoculum and gum arabic in ensiling 
Experiment 
Silaqe additive 
Bacterial 
inoculum 
50 ppm 
Bacterial Gum + gum 
inoculum arabic. arabic. 
I tem 0 50 ppm 1% (DM) 1% (DM) 
LA, % DM .46^ I.49C .38^ 1.61^ 
pH 5.23^ 4.68® 5.51^ 4.73® 
TA, meq.lN NaOH/g DM .202^ .34^ .202® .33^ 
Acetate, % DM .79^ 1.76 J .84^ 1.65'J 
Butyrate, % DM 1.56% 0^ 0
 
cx>
 3 
^Values expressed as means of four silos per treatment. 
ID C 
' Means in the same row with different superscripts 
differ significantly (P<.002l). LSD .01 = .92 and LSD'.05 = 
. 6 6 .  
^'®'^Means in the same row with different superscripts 
differ significantly (P<.000l). LSD .01 = .145 and LSD .05 
= .104. 
^'^Means in the same row with different superscripts 
differ significantly (P<.0014). LSD .01 = .101 and LSD .05 
= .072. 
^'^Means in the same row with different superscripts 
differ significantly (P<.000l). LSD .01 = .414 and LSD .05 
= .295. 
^^^'^Means in the same row with different superscripts 
differ significantly (P<.000l). LSD .05 = .46. 
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inoculum or bacterial inoculum + gum arabic treatments. 
However, significantly (P<.000l) higher levels were observed 
for both the gum arabic and control stover silages. 
It is apparent from the pH, TA, LA and VFA data in Table 
20 that a definite shift occurred in the fermentation of the 
corn stover silages due to the addition of the bacterial 
inoculum and gum arabic. The significant increase in the con­
centration of butyrate and pH coupled with the significant 
decrease in lactate, acetate and TA in the control and gum 
arabic treated stover silages are indicative of clostridial 
activity, Clostridia are active in silage under anaerobic 
conditions when the hydrogen ion concentration and organic 
acids content is not high enough to inhibit their activity. 
Clostridial activity typically results in butyrate formation 
from lactate and residual sugars. 
Butyrate formation by way of lactate fermentation or 
butyrate instead of lactate formation from residual sugars 
would explain the lower lactate levels observed in this experi­
ment with gum arabic treatment. Furthermore, in the produc­
tion of butyrate from lactate and in the deamination of amino 
acids by Clostridia, CO2 is produced. The fact that signifi­
cant ensiling weight losses were observed (Table 19) with gum 
arabic and control stover silages indicates increased COg 
production and provides further evidence of clostridial 
activity. 
If clostridial deamination of amino acids is occurring in 
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control and gum arable treated stover silages, then NH^-N 
levels should also increase. Table 21 summarizes the changes 
in the nitrogen fraction and total ash of the corn stover 
silages. There were significantly (F<.0076) higher levels of 
NHg-N in both the control and gum arabic treated silages. 
WSN was also higher for both the control and gum arabic treated 
silages. However, there were no significant differences 
(a=.05) between the treatments in case of CP, WSN and ash. 
The results of this experiment indicate that corn stover 
silage fermentation was improved by the addition of the bac­
terial inoculum whereas gum arabic at the 1% level evalu­
ated was conducive to clostridial activity. The bacterial 
inoculum seems to exert its effect on ' CS by increasing the 
amounts of organic acids, especially lactate and acetate, re­
sulting in lowering of the pH which in turn inhibits Clos­
tridia. The inhibition of Clostridia was evident by the ab­
sence of butyrate and the decreased levels of NH^-N, WSN, CO2 
and total weight and DM losses. 
Experiment II 
Table 22 summarizes the DI^j content, total weight and DM 
losses, CO2 loss, % CO2 to DM loss and compaction ratio of 
RCS treated with the silaqe additives in ensiling Experiment 
II. There was a significant difference (P<.034) in DM content 
due to the additive treatments, Si-Lo-Fame treated silage had 
a significantly (P<.05) higher DM content in relation to the 
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Table 21. Changes in the nitrogen fraction and total ash of 
ensiled RCS, treated with bacterial inoculum and 
gum arabic in ensiling Experiment I® 
Silage additive 
Bacterial 
inoculum 
50 ppm 
Bacterial Gum + gum 
inoculum arabic, arabic, 
Item 0 50 ppm 1% (DM) 1% (DM) 
CP, % DM 3.44 3.34 3.38 3.40 
WSN, % total N 31.26 30.86 30.24 27.88 
NH3-N, % total N 7.63b 6.06^ 8.14b 6.I4C 
% NH^-N to WSN 24.40 19.63 26.92 22.02 
Total ash, % DM 6.40 6.61 6.36 6.96 
^Values expressed as means of four silos per treatment. 
^*^Weans in the same row with different superscripts 
differ significantly (P<.0076). LSD .01 = 1.78 and LSD .05 
= 1.27. 
other silages, followed by the bacterial treated material. 
This high content of DM appeared to be due to the relatively 
lower weight and DM losses. No significant difference 
(a=.05) in total weight or DM losses due to the additive 
treatments were observed. However, all the additives, 
particularly the bacterial inoculum, tended to lower the total 
weight and DM losses. Also there were no significant differ­
ences (a=.05) in CO2 loss, % COg to DM loss and compaction 
ratios due to the additive treatments. 
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Table 22. Ensiling losses of RCS treated with the silage 
additives in ensiling Experiment ÏI® 
Silage additive 
Bacterial Si-Lo 
inoculum Sila-Bac Fame 
Item I D 50 ppm 500 ppm 250 ppm 
DM content, % 41 .48^ 42 .10^ 41, .00^ 42. 73^ 
Total weight loss, % 1 .39 1 .28 1. 31 1. 29 
DM loss, % 1, .34 1 .25 1. 25 1. 28 
CO2 evolution, mg/g 3, .81 3 00
 
3. 72 4. 09 
% COg to DM loss 28, .78 30 .73 30. ,08 31. 93 
Compaction ratio, g/cm^ .40 .40 ,40 , 38 
^Values expressed as means of four silos per treatment, 
b c 
' Means in the same row with different superscripts 
differ significantly (P<.0335). LSD ,01 = 1.65 and LSD .05 
= 1.18. 
The pH, TA and organic acids of the stover silages are 
summarized in Table 23, 
The pH of the silages were relatively high indicating poor 
quality silages. There was a significant difference (P<.0007) 
in pH value due to the additive treatments. Sila-Bac treated 
silage had the lowest pH whereas Si-Lo-Fame resulted in silage 
with the highest pH. The relatively high pH is explained by 
absence of lactic acid in these silages; only traces of lactic 
acid were observed. It appears that the stover material used 
in this experiment was of poor quality (Table 4) compared to 
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Table 23. pH, TA and organic acids of ensiled RCS treated 
with the silage additives in ensiling Experiment 
II® 
Silage additive . 
Bacterial Si-Lo-
inoculum Sila-Bac Fame 
Item 0 50 ppm 500 ppm 250 ppm 
LA, % DM Trace Trace Trace Trace 
pH 5.72^ 5.68^ 5.62^ 5.78^ 
TA, meq.lN NaOH/g DM .13 .15 .16 .16 
Acetate, % DM 1.66 1.82 1.49 1.66 
Propionate, % DM .81 .94 .82 .90 
Isobutyrate, % DM 0® .I5f 0® 0® 
Butyrate, % DM 1.89^ 2.20^ 1.7l9 1.799 
^Values expressed as means of four silos per treatment. 
b,c,dj^eans in the same row with different superscripts 
differ significantly (P<.0007). LSD .01 = .081 and LSD .05 
= .058. 
®'^Means in the same row with different superscripts 
differ significantly (P<.0001). 
^'^Means in the same row with different superscripts 
differ significantly (P<.0005), LSD .01 = .25 and LSD .05 
= .176. 
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the stover used in ensiling Experiment I, Also WSCHO were 
probably limiting LA production due to the relatively 
lower cell solubles (Table 4). All the silages were low 
in TA and there was no significant difference (a=.Ô5) in 
TA, acetate and propionate contents of the silages. The 
relatively high levels of propionate in the silages is 
difficult to interpret. Colenbrander et al. (1971a) reported 
only traces of propionate could be found in corn stover silages 
and Dunford (1973) found levels no higher than 0.3% of the corn 
stover silage DM. The presence of propionic acid is desirable 
because of its inhibitory effects on yeasts resulting in 
silages being more stable when exposed to air, while at the 
same time it is much less inhibitory to the lactic acid pro­
ducing bacteria (Mann and McDonald, 1976). Some sources of 
propionate in silage fermentation are clostridial deamination 
of alanine (Whittenbury et al., 1967) and the action of 
propionibacteria on sugars or lactate (McDonald et al., 1968). 
The high levels of propionate and the absence of lactate in 
these silages suggest the possibility of conversion of lactate 
to propionate by the propionibacteria. Clostridial deamina­
tion is related to the high levels of butyrate. Iso-
butyrate was a further evidence that clostridial activity took 
place in case of the bacterial inoculum treated silage. A 
significant amount (P<,0001) of isobutyrate was produced in 
the bacterial inoculum treated silage. Isobutyrate was not 
detectable in the other silages. There was a significant 
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difference in butyrate content of the silages (P<,0005), 
Tlie bacterial inoculum treated silage had the highest level 
of butyrate whereas the Sila-Bac treated material had the 
lowest amount. 
Table 24 summarizes the changes in the nitrogen fraction 
and the ash content of the silages. There was no significant 
difference (a=.05) in CP, WSN and total ash contents of the 
silages due to the additive treatments. However, there was a 
general trend towards decreasing WSN content in the silages 
following treatment with the additives. NHg-N was significant 
ly (P<.05) higher in the bacterial inoculum treated silage. 
This is contradictory to the previous experiment where a de­
crease in NHg-N content was observed in response to the bac­
terial inoculum. 
In contrast to the previous experiment, no significant 
improvement in the stover silage fermentation is noticed. In 
fact, a clostridial type fermentation seems to result from 
the bacterial inoculum treatment. As to why this has happened 
one could think of the difference between the two stover 
materials. The stover material utilized in this study was a 
coarse ground material (Table 4) and it was quite different 
in composition from the stover used in Experiment I. 
Experiment III 
Table 25 summarizes the DM content, total weight and DM 
losses, CO2 loss, % COg to DM loss and the compaction ratios 
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Table 24. Changes in the nitrogen fraction and total ash of 
ensiled RCS, treated with the silage additives in 
ensiling Experiment II® 
Silage additive 
Bacterial Si-Lo-
inoculum Sila-Bac Fame 
Item 0 50 ppm 500 ppm 250 ppm 
CP, % DM 3.59 3.62 3.56 3.45 
WSN, % total N 37.62 36.04 33.14 35.34 
NH3-N, % total N 12.78^ 13.20^ 11.56^ 11.80^ 
% NHg-N to WSN 33.97 36.63 34.88 33.39 
Total ash, % DM 7.73 8.64 8.77 7.82 
^Values expressed as means of four silos per treatment. 
^^^Means in the same row with different superscripts 
differ significantly (P<.049). LSD .01 = 1.81 and LSD .05 
= 1.29. 
of the stover silages treated with different levels of gum 
arabic and bacterial inoculum. There was a significant dif­
ference (P<.0002) in DM contents of the silages due to the 
additive treatments. The difference in DM was due to the in­
crease in DM resulting from gum arabic addition. There was a 
significant difference (P<.045) in total weight and DM losses 
due to the additive treatments. The 2.5% gum arabic was 
similar to the control. However, the 5% level of gum arabic 
significantly decreased both total weight and DM losses. The 
addition of the bacterial inoculum to the 2.5% and 5% gum 
Table 25. Ensiling losses of RCS treated with gum arabic and bacterial inoculum 
in ensiling Experiment 
silage additive 
Item 0 Al ^2 A3 A4 
DM content, % 42.91^ 46.49C 47.03C 46.08^ 47.90^ 
Total weight loss, % 1.27® 1.28® 1.15^ 1.16^ i.oef 
DM loss, % 1.25® 1.265® 1.13^ 1.14^ 1.06^ 
COg evolution, mg/g 6.00 4.29 5.77 3.96 5.40 
% COg to DM loss 47.13 34.88 51.02 34.75 50.80 
3 Compaction ratio, g/cm .298 ,33 .31 .33 .33 
Values expressed as means of four silos per treatment. = RCS + 2,5% (DM) 
gum arabic; A2 = RCS + 5% (DM) gum arabic; A3 = RCS + 2.5% (DM) gum arabic + 50 ppm 
bacterial inoculum; A4 = RCS + 5% (DM) gum arabic + 50 ppm bacterial inoculum, 
b,c,d^eans in the same row with different superscripts differ significantly 
(P<.0002). LSD .01 = 2,24 and LSD .05 = 1,62, 
®*^Means in the same row with different superscripts differ significantly 
(P<.045). LSD .01 = .20 and LSD .05 = .145. 
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arable significantly decreased (P<.045) the total weight and 
DM losses in case of the 2.5% gum arabic. Adding the inoculum 
with the gum arabic seemed to enhance the gum arabic effect. 
There was no significant difference ( a=.05) in COg, % COg to 
DM loss and compaction ratio. However, the additives tended 
to result in silages with lower COg losses and higher densi­
ties; the increase in density was due to the stickiness and 
high viscosity of the gum arabic (Elhag and Vetter, 1978). 
Table 26 summarizes the pH, TA and organic acids of 
treated silages. There was no significant difference (a=.05) 
due to the treatment in pH, TA, LA, propionate and butyrate 
contents of the silages. In general, the pH values were lower 
than the pH values reported in Experiment II. This is ex­
plained by the production of LA in this study. The propionate 
levels were relatively high but in agreement with Experiment 
II. Acetate was significantly decreased (P<.004) by the 
treatment. 
The changes in the nitrogen fraction and the ash content 
of the silages are reported in Table 27. A significant differ­
ence (P<.012) in CP was observed. The difference was due to 
the differences in DM content resulting from the addition of 
gum arabic. There was a significant difference (P<.0006) in 
WSN levels of the silages. The 2.5% gum arabic treated silage 
had a significantly (P<.05) lower WSN content compared to the 
control. The 5% gum arabic treatment was significantly lower 
(P<,05) in WSN content compared to the 2,5% gum arabic 
Table 26. pH, TA and organic acids of ensiled RCS treated with gum arabic and 
bacterial inoculum in ensiling Experiment III^ 
Silage additive 
Item 0 À2 &3 A4 
LA, % DM .13 .12 .16 .15 .13 
pH 5.575 5.57 5.51 5.56 5.56 
TA, meq.IN NaOH/g DM .195 .17 .16 .20 .19 
Acetate, % DM 1.61^ I.29C 1.16^ I.I3C .96^ 
Propionate, % DM 1.16 .82 1.00 1.03 .49 
Butyrate, % DM 2.04 1.96 2.05 2.34 2.05 
Values expressed as means of four silos per treatment. A, = RCS + 2.5% (DK) 
gum arabic; À2 = RCS + 5% (DM) gum arabic; A3 = RCS + 2.5% (DM) gum arabic + 50 
ppm bacterial inoculum; A4 = RCS + 5% (DM) gum arabic + 50 ppm bacterial inoculum. 
^'^Means in the same row with different superscripts differ significantly 
(P<.0039). 
Table 27. Changes in the nitrogen fraction and total ash of ensiled RCS treated 
with gum arable and bacterial inoculum in ensiling Experiment 
Silage additive 
Item 0 Al A2 A3 A4 
CP, % DM 4.03b 3.82^ 3.54C 3.82^ 3.57C 
WSN, total N 33.79^ 29.14® 25.71^ 25.63^ 25.50^ 
NH^-N, % total N 15.639 11.29^ H
 0
 
00
 
9.68^ 9.19I 
% NHg-N to WSN 46.25 38.74 42.08 37.77 36.04 
Total ash, % DM 9.27 8.48 7.92 8.53 7.96 
^Values expressed as means of four silos per treatment. = RCS + 2.5% (DM) 
gum arable; A2 = RCS + 5% (DM) gum arable; A3 = RCS + 2.5% (DM) gum arable + 50 ppm 
bacterial inoculum; = RCS + 5% (DM) gum arable + 50 ppm bacterial Inoculum. 
^'^Means in the same row with different superscripts differ significantly 
(P<.012). LSD .01 = .387 and LSD .05 = .28. 
d»e,fMgans in the same row with different superscripts differ significantly 
(P<.0006). LSD .01 = 4.78 and LSD .05 = 3.5. 
^'^*^Means in the same row with different superscripts differ significantly 
(P<.0001). LSD .01 = 1.42 and LSD .05 = 1.03. 
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treatment. When the bacterial inoculum was added to each 
gum arabic level it tended to further decrease the WSN. 
vas also significantly (P<.0001) affected by the 
treatment. The addition of gum arabic alone decreased 
the NH3-N content of the silages in relation to the con­
trol. There was no significant difference (a=,05) between 
the 2.5% and 5% levels of gum arabic. Addition of the bac­
terial inoculum with the two levels of gum arabic resulted 
in a further significant decrease (P<.05) in NH^-N content. 
There was no significant difference (a=.05) in the ash content 
of the silages. 
The results of this experiment indicate an improvement 
in corn stover silage fermentation due to the addition of gum 
arabic. The 5% gum arabic was more effective compared to the 
2.5% level. Adding the bacterial inoculum with the gum arabic 
enhanced its action but not to a significant extent. The 
results of this experiment are in agreement with the findings 
of Wieringa (1960), Svensson.and Tveid (1964) and Lesius and 
Schulz (1968) who reported that in nearly every case the 
combination of an inoculation and added sugar produced 
positive results. 
Experiment IV 
Table 28 summarizes the DM content, total weight and DM 
losses, COg evolution, % CO2 to DM losses and compaction ratio 
of RCS which was treated with bacterial inoculum and ensiled 
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Table 28. Ensiling losses of RCS treated with bacterial 
inoculum and ensiled at two different tempera­
tures in ensiling Experiment IV^ 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
Mean 
Mean 
Mean 
DM content, % 
41.48 42.10 
46.48 46.67 
43.98 44.38 
Total weight loss, % 
1.39 
1.33 
1.36 
DM loss, % f ,g 
1.34 
1.30 
1.32 
/d,e 
1.28 
1.18 
1.23 
1.25 
1.15 
1.20 
41.79 
46.57 
44.18 
1.33 
1.25 
1.29 
1.29 
1.22 
1.26 
Each temperature additive treatment value is expressed 
as a mean of four silos. 
^^efer to the description of the temperature in the 
materials and methods section. = 25 C (room temperature) 
and T^ = water bath temperature. 
^The two temperatures (T, and T^) differ significantly 
(P<.0002). 
"^The two temperatures (T^ and T«) differ significantly 
(P<.032). 
^Significant response due to additive treatment (P<.0045), 
The two temperatures (T, and T-) differ significantly 
(P<.037). ^ • 2 
^Significant response due to additive treatment (P<,0045). 
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Table 28. (Continued) 
Temperature 
Silage additive 
0 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
^2 Mean 
Mean 
Mean 
CO2 evolution, mg/g 
3.81 3.84 
5.58 5.05 
4.69 4.44 
% COg to DM loss^ 
28.78 30.73 
43.20 43.63 
36.00 37.18 
Compaction ratio, g/cm^ ^ 
i402 
.31 
.36 
.40 
.30 
.35 
3.82 
5.31 
4.57 
29.75 
43.41 
36.58 
.40 
.31 
.35 
The two temperatures (T, and T^) differ significantly 
(P<.007). 
J 
The two temperatures (T. and T~) differ significantly 
(P<.004). 
^The two temperatures (T^ and T,) differ significantly 
(P<.0017). ^ 
at two different temperature conditions. Like in case of 
WPC, the two temperatures could not be statistically analyzed 
due to the difference in the time of ensiling. The bacterial 
inoculum had no significant (a=.05) effect on DM content, 
COg loss, % CO2 to DM loss and compaction ratio of the stover 
silages. However, there was a significant decrease (P<.0045) 
in total weight and DM losses due to the bacterial treatment. 
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This is in agreement with Experiments I and II. There was 
no significant interaction (a=.64) between temperature and 
treatment for DM content, total weight loss (a-.53), DM 
loss (a=.32), CO2 loss (a=.5l), % COg to DM loss (a=.79) and 
compaction ratio (a=.82). In general, ensiling in the tem­
perature controlled water bath resulted in silages with 
lower total weight and DM losses, unlike the case of WPC, 
However, COg loss and % COg to DM loss were higher for the 
higher temperature. The compaction ratio was higher for the 
room temperature ensiled stover, the same as for WPC. 
pH, TA and organic acids of the stover silages are 
summarized in Table 29. The bacterial inoculum treated 
stover had a significantly lower pH (P<.000l). This is in 
agreement with Experiments I, II and III, TA was also sig­
nificantly increased (P<,012) by the bacterial treatment, 
similar to Experiment I. There was a significant interac­
tion between temperature and treatment for pH (P<.000l). 
The higher pH values indicate poor quality silages and this 
is explained by the lack of LA production. This is in agree­
ment with Experiment II, There was no significant difference 
(a=,05) between the silages in case of acetate, propionate 
and butyrate. However, the bacterial inoculum treated silage 
resulted in a significantly higher (P<,000l) level of iso-
butyrate. The results of this experiment are consistent 
with Experiment II. 
Table 30 summarizes the changes in the nitrogen fraction 
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Table 29. pH, TA and organic acids of RCS treated with 
bacterial inoculum and ensiled at two different 
temperatures in ensiling Experiment IV® 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
LA, % DM 
Mean 
^2 
Mean 
Trace 
Trace 
0 
5.72 
5.60 
5.66 
pH c,d 
Trace 
Trace 
0 
5.68 
5.38 
5.53 
TA, meq.lN NaOH/g DM®*^ 
Mean 
.13 
.17 
.15 
.15 
. 22  
.19 
0 
0 
0 
5.70 
5.49 
5.59 
.19 
.14 
.17 
Each temperature-additive treatment value is expressed 
as a mean of four silos. 
^T^ = 25 C (room temperature) and Tg = water bath tem-
pGird'tuuTct 
^The two temperatures (T: and T,) differ significantly 
(P<.0001). ^ 
'^Significant response due to additive treatment (P<.000l). 
®The two temperatures (T, and T~) differ significantly 
(P<.0025). 
f Significant response due to additive treatment 
(P<.012). 
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Table 29. (Continued) 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
T2 
Mean 
Acetate, % DM^ 
1.66 1.82 
2.55 1.22 
2.10 1.52 
1.74 
1.88 
1.81 
Mean 
^2 
Mean 
Propionate, % DM 
.81 .94 
.68 1.10 
.74 1.02 
Isobutyrate, % DM^*^ 
Trace .15 
0 .33 
0 .24 
.87 
.89 
. 8 8  
.07 
.16 
.12 
^2 Mean 
Butyrate, % DM 
1.90 2.20 
1.90 2.40 
1.90 2.30 
2.05 
2.14 
2.10 
Significant response due to additive treatment (P< 
.0015). 
^The two temperatures (T, and T~) differ significantly 
(P<.001). 
^Significant response due to additive treatment (P< 
.0001).  
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Table 30, Changes in the nitrogen fraction and total ash of 
ensiled RCS treated with bacterial inoculum at two 
different temperatures in ensiling Experiment IV^ 
Temperature b 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
CP, % DM 
^2 Mean 
-I 
Mean 
3.59 
4.03 
3.81 
WSN, % total N 
37.61 
37.23 
37.43 
Mean 
NH3-N, 
12.78 
14.54 
13.66 
% total N 
3.62 
3.75 
3.69 
36.04 
41.08 
38.56 
d,e 
13.20 
16.02 
14.61 
3.61 
3.89 
3.75 
36.83 
39.16 
38.00 
13.00 
15.28 
14.13 
Each temperature-additive treatment value is expressed 
as a mean of four silos. 
= 25 C (room temperature) and Tg = water bath 
temperature. 
^The two temperatures (T, and T,) differ significantly 
(P<.035). 
^The two temperatures (T, and T~) differ significantly 
(P<.0009). ^ 
(P<.031). 
'Significant response due to additive treatment 
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Table 30. (Continued) 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
Mean 
Mean 
% NH3-N to WSN 
33.98 
39.05 
36.52 
Ash, % DM 
7.73 
9.74 
8.73 
36.62 
39.00 
37.81 
8.64 
7.90 
8.27 
35.30 
39.02 
37.16 
8.18 
8.82  
8.50 
^The two temperatures (T, and T«) differ significantly 
(P<.016). 
and total ash content of the stover silages. There was no 
significant difference (a=.05) for the CP content, WSN and 
total ash of the silages. There was also no significant 
interaction (&=.18) between temperature and treatment for CP, 
WSN (a=.63) and NH^-N (a=.l7). However, a significant inter­
action (P<.0007) was observed for the ash. NHg-N was sig­
nificantly (P<.03l) increased due to the bacterial inoculum 
treatment. This is also in agreement with Experiment II, 
Ensiling at the temperature controlled water bath resulted 
in silages with relatively lower total weight and DM losses, 
compaction ratio and pH. However, the silages contained 
higher WSN and NH^-N. In general, corn stover ensiled at the 
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temperature controlled water bath ensiled better than at room 
temperature. The different experiments with corn stover in­
dicate a positive response to the silage additives, 
specifically the bacterial inoculum and gum arabic. 
Alfalfa. Experiment I 
Table 31 summarizes the DM contents, total weight and 
DM loss, % CO2 to DM loss and compaction ratio of HMA (72% 
moisture) and LMA (44% moisture) treated with the silage addi­
tives. Ensiling at two different moistures resulted in si­
lages with significantly (P<,0001) different DM content. 
There was also a significant difference (P<.003) in DM content 
due to the additives treatment. The interaction between mois­
ture and additives was also significant (P<.09). In case of 
the HMA, the additives tended to decrease the DM content of 
the silages, whereas the opposite was true for the LMA. Total 
weight and DM losses were significantly affected by the mois­
ture (P<,05). They were also significantly affected by the 
additives (P<,003). A significant interaction (P<.000l) be­
tween moisture and additives was also observed for both total 
weight and DM losses. In case of HMA the additives tended to 
increase total weight and DM losses and the opposite was true 
for LMA. Moisture had a significant effect (P<,0001) on 
COg loss, % COg to DM loss and compaction ratios of the al­
falfa silages. The additives also had a significant effect 
(P<.0001) on CO2 loss, % CO2 to DM loss (P<.000l) and 
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Table 31. Ensiling losses of alfalfa treated with the si­
lage additives in ensiling Experiment 
Silage additive^ 
Moisture 0 
Bacterial 
inoculum Sila-Bac 
50 ppm 500 ppm 
Si-Lo-
Fame 
250 ppm Mean 
DM contents, 
72% 27.63 27.38 27.83 27.45 27.57 
44% 56.84 56.96 57.75 56.84 57.43 
Wean 42.89 42.17 42.79 42.14 42.50 
Total weight loss, 
72% .62 .91 .84 .77 .79 
44% .78 .59 .83 .78 .74 
Mean .70 .75 .83 .77 .76 
DM loss, %®'® 
72% .63 .88 .87 .78 .79 
44% .80 .60 .85 .78 .76 
Mean .71 .74 .86 .78 .77 
^Each moisture-additive treatment is expressed as a mean 
of four silos. 
^All the additives were applied in ppm of the ensiled 
material. 
'^The two moisture levels (72% and 44%) differ signifi­
cantly (P<.000l). 
^Significant response due to additive treatment (P< 
.0033). LSD .01 = .63 and LSD .05 = .47. 
®The two moisture levels (72% and 44%) differ signifi­
cantly (P<.05). 
^Significant response due to additive treatment (P< 
.0027). LSD .01 = .09 and LSD .05 = .066. 
^Significant response due to additive treatment (P< 
.0003). LSD .01 = .078 and LSD .05 = .066. 
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Table 31. (Continued) 
Silage additive 
Moisture 0 
Bacterial 
inoculum Sila-Bac 
50 ppm 500 ppm 
Si-Lo-
Fame 
250 ppm Mean 
Vi 1 
COg evolution, mg/g * 
72% 3.93 10.82 11.63 3.24 7.40 
44% 1.40 1.90 1.935 2.03 1.82 
Mean 2.66 6.36 6.78 2.64 4.61 
% COg to DM loss^'J 
72% 62.50 123.50 134.00 43.00 90.75 
44% 17.50 31.75 22.75 25.88 24.47 
Mean 40.00 77.63 78.38 34.44 57.61 
Compaction ratio, g/cra^ ^ »K 
72% .63 .66 .60 .58 .61 
44% .405 .43 .44 • .415 .42 
Mean .50 .54 .52 .50 .51 
^The two moisture levels (72% and 44%) differ signifi­
cantly (P<.000l), 
^Significant response due to additive treatment (P< 
.0001), LSD .01 = 1.05 and LSD .05 = .775. 
^Significant response due to additive treatment (P< 
.0001). LSD .01 = 16.8 and LSD .05 = 12.4. 
^Significant response due to additive treatment (P< 
.031). LSD .01 = .048 and LSD .05 = .036. 
compaction ratio (P<.03). A significant interaction between 
moisture and additives (P<.000l) was reported for both COg 
loss and % COg to DM loss. However, there was no signifi­
cant interaction (a=.l8) in case of compaction ratio. It is 
clear that COg loss increased with increasing moisture as in 
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case of WPC. The bacterial inoculum and Sila-Bac treat­
ments resulted in the highest COg and % CO2 to DM losses. 
Also like in case of WPC, the HMA tended to pack better 
than the LMA. 
pH, TA and organic acids of the treated silages are 
summarized in Table 32. Moisture had a significant effect 
(P<.000l) on both pH and TA. The additive treatments also 
significantly affected pH (P<,0001), The control and bac­
terial inoculum treated silages were low in pH compared to 
the Sila-Bac and Si-Lo-Fame treated silages. This could be 
explained by the relatively high contents of LA in both the 
control and bacterial inoculum treated silages; however, 
the additives had no significant (a=.05) effect on LA. 
Moisture, on the other hand, significantly affected LA 
(P<.0001) and acetate (P<,0001). The additives also sig­
nificantly (P<.03) affected acetate with highest levels in 
the Sila-Bac and control silages. There was a significant 
interaction between moisture and additives in case of pH 
(P<.0001) and LA (P<.013), 
The changes in CP, WSN, NH^-N and total ash content of 
the silages are summarized in Table 33. There was a signifi­
cant difference (P<.000l) in the CP content of the silages due 
to moisture. This is explained by the significant difference 
(Table 31) in total weight and DM losses of the silages. Si­
lages with lower losses had high CP contents. There was also 
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Table 32. pH, TA and organic acids of alfalfa, treated with 
the silage additives in ensiling Experiment 
Silaae additive 
Bacterial Si^Lo— 
inoculum Sila-Bac Fame 
Moisture 0 50 ppm 500 ppm 250 ppm Mean 
LA, % DM^ 
72% 6.45 5.59 5.04 5.54 5.65 
44% 2.15 2.72 2.58 2.35 2.45 
Mean 4.30 4.15 3.81 3.95 4.05 
pH^'C 
72% 4.48 4.61 4.66 4.62 4.59 
44% 4.89 4.70 4.91 4.83 4.83 
Mean 4.68 4.65 4.78 4.73 4.71 
TA, meq .IN NaOH/g DM^ 
72% 1.18 1.03 1.18 1.16 1.13 
44% .66 .73 .75 .67 .70 
Mean .90 .88 .96 .91 .91 
Acetate, % DM^*^ 
72% 2.60 2.15 2.66 2.30 2.43 
44% 1.38 .88 1.45 1.20 1.23 
Mean 1.99 1.51 2.05 1.75 1.83 
®Each moisture-additive treatment is expressed as a mean 
of four silos. 
^The two moisture levels (72% and 44%) differ signifi­
cantly (P<.000l). 
^Significant response due to additive treatment (P< 
.0001). LSD .01 = .059 and LSD .05 = .044. 
^Significant response due to additive treatment (P< 
.029. LSD .01 = .515 and LSD .05 = .38. 
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Table 33. Changes in the nitrogen fraction and total ash of 
alfalfa, treated with the silage additives in en­
siling Experiment I® 
Silage additive 
Moisture I D 
Bacterial 
inoculum 
50 ppm 
Sila-Bac 
500 ppm 
Sil-Lo-
Fame 
250 ppm Mean 
CP, % DM^' c 
72% 20 .93 21 .34 20. 91 21, .27 21, .11 
44% 23 .35 23 .31 24. 17 22 .03 23, .21 
Mean 22 .14 22 .33 22. 54 21, 65 22, .16 
WSN, % total 
72% 17, 65 19 .09 21. 01 20, 84 19. ,64 
44% 17. ,76 17 .45 17. 66 20. ,18 18. ,26 
Mean 12. ,70 18 .27 19. 33 20. ,51 18. ,95 
NH. 3-N, % > total 
72% 9. ,04 9 .19 10. 37 9. ,83 9. ,61 
44% 7. 87 7 .76 7. 91 8. 92 8. 12 
Mean 8. 45 8 .48 9. 14 9. 37 8. 86 
^Each moisture additive treatment value is expressed as 
a mean of four silos. 
^The two moisture levels (72% and 44%) differ signifi­
cantly (P<.000l). 
'^Significant response due to additive treatment (P< 
.0034). LSD .01 = .61 and LSD .05 = .45. 
^The two moisture levels (72% and 44%) differ signifi­
cantly (P<.0019). 
^Significant response due to additive treatment (P< 
.0003). LSD .01 = 1.54 and LSD .05 = 1.135. 
Significant response due to additive treatment (P< 
.0014). LSD .01 = .681 and LSD .05 = .502. 
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Table 33. (Continued) 
Silage additive 
Bacterial Si-Lo-
inoculum Sila-Bac Fame 
Moisture 0 50 ppm 500 ppm 250 ppm Mean 
% NHg-N to WSN 
72% 51.21 48,14 49,36 47.17 48.97 
44% 44.31 44,47 44,79 44.20 44.44 
Mean 47.76 46,31 47,08 45.68 46.71 
Ash, % DM^ 
72% 9.32 9,56 9,76 9.65 9.57 
44% 9.52 9,33 9,78 9,63 9,56 
Mean 9.42 9,44 9,77 9.64 9,56 
^Significant response due to additive treatment (P< 
,0053). LSD .01 = : ,281 and LSD ,05 = ,21, 
a significant response (P<.0034) due to additives. The in­
teraction between moisture and additives was significant (P< 
.002), Moisture had a significant effect on both WSN (P<.003) 
and NH^-N (P<.000l). There was also a significant response 
due to additives on both WSN (P<,0003) and NH^-N (P<,0014), 
The Si-Lo-Fame treated silages had the highest amounts of 
WSN and NH^-N followed by the Sila-Bac treatment. The inter­
action between moisture and additives was also significant 
(P<.02) for both WSN and NH^-N. Moisture had no significant 
effect (a=.05) on ash. However, the additives significantly 
(P<,005) increased the amounts of ash. This is due to the 
higher total weight and DM losses in the treated silages. 
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The results of this experiment indicated a negative re­
sponse due to the additives. The HMA did not benefit from 
the additives, mostly from the lack of readily available 
carbohydrates. The LMA benefited slightly from the additives, 
apparently due to the increased concentration of fermentable 
energy resulting from the higher content of DM. Due to the 
increase in total weight and DM losses, WSN and NH^-N content 
of the treated silages, it appears that clostridial fermenta­
tion was dominant. The high moisture, low energy concentra^ 
tion of the HMA seemed to limit the effect of the additives. 
Experiment II 
Table 34 summarizes the ensiling losses and compaction 
ratio of HMA treated with lactose and bacterial inoculum. 
There was a significant difference (P<,0001) in DM content due 
to the lactose treatment. This is expected due to the total 
increase in DM resulting from lactose addition. There was also 
a significant decrease (P<.0026 and P<.0023) in total weight 
and DM losses, respectively. However, the difference between 
lactose and lactose-inoculum combination was not significant 
(a-.05). COg loss was significantly increased due to the lac­
tose treatment (P<.000l). The combination of lactose and bac­
terial inoculum had a significantly (P<.000l) lower COg loss. 
There was no significant difference (a=.05) in compaction 
ratio of the treated silages. 
pH, TA and organic acids of the treated silages are 
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Table 34. Ensiling losses and compaction ratio of HMA, 
treated with lactose and bacterial inoculum in 
ensiling Experiment 11^ 
Silage additive 
Item 0 
5% (DM) 
lactose 
5%. (DM) 
lactose 
+ 50 ppm 
bacterial 
inoculum 
DM content, % 27.82^ 31.83^ 32.33^ 
Total weight loss, % .64^ .34® .26® 
DM loss, % .62^ .32^ .249 
COg, mg/g .59^ 2.28^ .64^ 
% COg to DM loss 12.63^ 66.60% 27.75I 
3 Compaction ratio, g/cxn .57 .575 .568 
^Values expressed as means of four silos per treatment. 
^'^Means in the same row with different superscripts 
differ significantly (P<.0001). LSD .01 = 1.31 and LSD .05 
= .91. 
^'®Means in the same row with different superscripts 
differ significantly (P<.0026). LSD .01 = .26 and LSD .05 
= .18. 
f Cf • 
'^Means in the same row with different superscripts 
differ significantly (P<.0023). LSD .01 = .26 and LSD .05 
= .18. 
h i 
' Means in the same row with different superscripts 
differ significantly (P<.000l). LSD .01 = .63 and LSD .05 
= .44. 
i rC 1 
•'"* ' Means in the same row with different superscripts 
differ significantly (P<.000l), LSD .01 = 18,79 and LSD .05 
= 13.08. 
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summarized in Table 35. There was a significant decrease 
(P<.000l) in pH due to the additives . The combination 
tion of lactose and bacterial inoculum was significantly 
different (P<.Ol) in pH. TA was not significantly affected by 
the additives treatment (a=.05). LÀ was significantly in­
creased (P<.015) due to the treatment. The combination of 
lactose and bacterial inoculum resulted in the greatest 
increase in the amount of LA; however, it was not sig­
nificantly (a=»05) different from lactose alone. Acetate 
was significantly decreased (P<.0098) in both the lactose 
and lactose-inoculum treated silages. Propionate was not sig­
nificantly (a= .05) affected by the treatments. 
Table 36 summarizes the changes in the nitrogen fraction 
and total ash of the silages. Treated silages resulted in sig­
nificantly (P<.0012) lower content of CP . This was due to the 
increase in DM resulting from lactose addition. Both WSN and 
NHg-N were significantly decreased, P<.0008 and P<.0003, re­
spectively, due to the treatments. The lactose and bacterial 
inoculum combination resulted in the lowest WSN and NH^-N 
contents, yet it was not significantly (a=.05) different from 
the lactose treatment. Ash was significantly decreased (P< 
.0014) in both the lactose and lactose-inoculum treatments. 
This was due to the increase in DM resulting from the addition 
of lactose. 
It is clear from the pH, LA and VFA data in Table 35 and 
the ensiling losses and CO^ output data in Table 34, that a 
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Table 35, pH, TA and organic acids of ensiled HMA treated 
with lactose and bacterial inoculum. Experiment 
II® 
Silage additive 
Item 0 
5% (DM) 
lactose 
5% (DM) 
lactose 
+ 50 ppm 
bacterial 
inoculum 
pH 4.44^ 4.06^ 3.89^ 
TA, meq .IN NaOH/g DM 1.02 .99 1.02 
LA, % DM 5.26® 6.45^ 6,52^ 
Acetate, % DM 2.34® 1.50^ 1,46% 
Propionate, % DM 1.44 .73 1,40 
^Values expressed as means of four silos per treatment, 
t>»c,dj^eans the same row with different superscripts 
differ significantly (P<,0001), LSD .01 = .065 and LSD ,05 
= .045. 
®'^Means in the same row with different superscripts 
differ significantly (P<.015). LSD .01 =1.23 and LSD .05 
= ,85. 
9'^Means in the same row with different superscripts 
differ significantly (P<.0098), LSD ,01 = ,80 and LSD ,05 
= .56. 
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Table 36, Changes in the nitrogen fraction and total ash of 
ensiled HMA, treated with lactose and bacterial 
inoculum in ensiling Experiment 11^ 
: Silage additive 
5% (DM) 
lactose 
+ 50 ppm 
5% (DM) bacterial 
Item 0 lactose inoculum 
CP, % DM 21.29^ I8.24C 17.64^ 
WSN, % total N 16.93d 13.93® 12.82® 
NHg-N, % total N 6.61^ 5.389 4.38^ 
% NHg-N to WSN 39.04 38.62 34.17 
Total ash, % DM 9.31^ 00
 
w
 
0
 
7.68^ 
^Values expressed as means of four silos per treatment. 
^'^Means in the same row with different superscripts 
differ significantly (P<.0012). LSD .01 = 2.18 and LSD .05 
= 1.52. 
*^'®Means in the same row with different superscripts 
differ significantly (P<.0008). LSD .01 = 2.18 and LSD .05 
= 1.52. 
^'^'^Means in the same row with different superscripts 
differ significantly (P<.0003). LSD .01 = .93 and LSD .05 
= .65. 
^'^Means in the same row with different superscripts 
differ significantly (P<.0014). LSD .01 = .94 and LSD .05 
= .56. 
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definite shift occurred in the fermentation of the HMA si­
lages due to the addition of lactose and bacterial inoculum. 
The decreased COg and acetate production coupled with the in­
crease in LA production of the treated silages suggests the 
presence of a dominant homofermentative microflora. Ap­
parently energy was the most critical factor in the fermenta­
tion of HMA. The results of this experiment are parallel to 
the findings of Schingoethe (1976) who reported positive re­
sponses due to whey addition in the case of alfalfa. 
Experiment III 
Table 37 summarizes the ensiling losses and compaction 
ratio of HMA treated with bacterial inoculum and ensiled at 
two different temperatures in ensiling Experiment III. Unlike 
the case of WPC and RCS, a 2x2 factorial design was used with 
HMA ensiled at room temperature and in the water bath at the 
same time. Accordingly, the two temperatures could be 
compared. 
The bacterial inoculum had no significant (a=.05) effect 
on DM content; however, DM was significantly (P<.045) affected 
by temperature. This is explained by the increased total 
weight and DM losses in case of the water bath temperature. 
Total weight and DM losses were significantly increased by 
the bacterial treatment, P<.01 and P<.016, respectively. 
There was a high COg loss in case of the bacterial treatment, 
yet it was not significantly different (a=,05). However, 
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Table 37. Ensiling losses of HMA treated with bacterial 
inoculum and ensiled at two different temperatures 
in ensiling Experiment III^ 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
Tl 
32 Mean 
DM content, % 
27.63 
26.59 
27.11 
27.38 
25.35 
26.37 
27.51 
25.97 
26.74 
Tl 
M2 Mean 
Total weight loss, % 
.627 
.80  
.71 
. 88  
.81 
.85 
.76 
.81 
.78 
Tl 
T2 
Mean 
.62 
.81 
.72 
DM loss, % e 
.87 
.79 
.83 
.75 
.80 
.78 
^Each temperature-additive treatment value is expressed 
as a mean of four silos. 
^Refer to the description of the temperature in the 
materials and methods section. T^ = 25C (room temperature) 
and Tg = water bath temperature. 
^The two temperatures (T, and T~) differ significantly 
(P<.046). ^ ^ 
"^Significant response due to additive treatment (P<.01), 
^Significant response due to additive treatment (P<.016). 
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Table 37. (Continued) 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
Mean 
Mean 
T; 
Mean 
CO, evolution, mg/g 
'2  
9.99 
2.34 
6.16 
% 
62.50 
29.00 
45.75 
CO2 to DM loss 
9.99 
2.52 
6 .26  
g,h 
123.50 
31.57 
77.53 
Compaction ratio, g/cm" 
.59 
.  66 
.63 
.66 
.60 
.63 
9.99 
2.43 
6.21 
93.00 
30.28 
61.64 
.63 
.63 
.63 
The two temperatures (T. and To) differ significantly 
(P<.0001). 
®The two temperatures (T^ and T~) differ significantly 
(P<.0003). 
^Significant response due to additive treatment (P<.0028), 
the temperature significantly (P<.000l) affected COg loss; 
% CO2 to DM loss was significantly higher for the bacterial 
treatment (P<.0028) and for the room temperature (P<.0002). 
There was also a significant interaction (P<.004) between tem­
perature and treatment. Compaction ratio was not significant­
ly different (a=.05) for both temperature and treatment. 
However, the interaction between temperature and treatment was 
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significant (P<.023). Significant interaction between tem­
perature and treatment was also observed for total weight 
loss (P<.013) and DM loss (P<,01). 
pH, TA and organic acids of the silages are summarized 
in Table 38. There was a significant difference in pH (P< 
.05) due to the temperature. However, there was no signifi­
cant difference (a=.05) due to the inoculum treatment. The 
interaction between temperature and treatment was significant 
(P<.05). TA was not significantly (a=.05) affected by either 
temperature or treatment nor was their interaction signifi­
cant (a=.05). Both LA and acetate were not significantly af­
fected by either temperature or treatment (a=,05). The inter­
action between temperature and treatment was significant (P< 
.01) for LA but'was not significant (a=.95) for acetate. In 
general, there was a tendency towards increased levels of LA 
and acetate with the higher temperature. This is in agreement 
with Experiment III using WPC and the results reported by 
Lanigan (1963). Propionate levels were not significantly 
(a=.05) affected by the inoculum; however, temperature signifi­
cantly (P<.0014) affected propionate. The increased levels of 
propionate at the water bath temperature might indicate that 
the propionibacteria were more active. The interaction between 
temperature and treatment was not significant (a=.57) in case 
of propionate. 
The changes in the nitrogen fraction and total ash of the 
silages are summarized in Table 39. There was no significant 
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Table 38. pH, TA and organic acids of HMA treated with bac­
terial inoculum and ensiled at two different tem­
peratures in ensiling Experiment III& 
Temperature 0 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
Mean 
6.45 
5.83 
6.14 
LA, % DM 
5.59 
7.06 
6.33 
6.02  
6.44 
6.23 
^2 Mean 
4.48 
4.48 
4.48 
pH' 
4.61 
4.47 
4.54 
4.54 
4.47 
4.51 
Mean 
TA, meq .IN NaOH/g DM 
1.14 
1.09 
1.12 
1.03 
1.15 
1.09 
1.08 
1.12 
1.10 
Mean 
Acetate, % DM 
2 .60  
2 . 8 0  
2.70 
2.15 
2.39 
2.27 
2.38 
2 .60  
2.49 
Mean 
Propionate, % DM 
Trace 
1.38 
.69 
Trace 
1.13 
.57 
0 
1.26 
.63 
^Each temperature-additive treatment value is expressed 
as a mean of four silos. 
^Refer to the description of the temperature in the 
materials and methods section. T^ = 25 C (room temperature), 
T2 = water bath temperature. 
^The two temperatures (T-, and T^) differ significantly 
(P<.05). 
*^The two temperatures (T^ and T2) differ significantly 
(P<.0014). 
117 
Table 39. Changes in the nitrogen fraction and total ash of 
ensiled HKA treated with bacterial inoculum at 
two temperatures in ensiling Experiment III& 
Silage additive 
Temperature 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
CP, % DM 
T, 20.93 21.34 21.13 
Tg 21.70 21.08 21.39 
Mean 21.31 21.21 21.26 
WSN, % total 
Ti 17.65 19.09 18.37 
Tg 22.02 24.31 23.17 
Mean 19.84 21.70 20.77 
NH3-N, % total N® 
T, 9.04 9.21 9.12 
T2 8.32 7.13 7.72 
Mean 8.68 8.17 8.42 
% NH^-N to WSN 
T, 51.22 48.25 49.74 
T2 37.78 29.33 33.56 
Mean 44.50 38.79 41.65 
^Each temperature-additive treatment value is expressed 
as a mean of four silos. 
^Refer to the description of the temperature in the 
materials and methods section. T^ = 25 C (room temperature), 
T2 = water bath temperature. 
^The two temperatures (T, and T,) differ significantly 
(P<.0011). 
^Significant response due to additive treatment (P<.046). 
®The two temperatures (T, and T_) differ significantly 
(P<.024). 
118 
Table 39. (Continued) 
Temperature 
Silage additive 
Bacterial inoculum 
50 ppm of 
ensiled material Mean 
Mean 
9.32 
9.43 
9.37 
Ash, % DM 
9.56 
9.44 
9.50 
9.44 
9.44 
9.44 
effect (a=.05) on both CP and total ash due to either tem­
perature or additive treatment. However, WSN was signifi­
cantly affected by temperature (P<,0011) and additive treat­
ment (P<.045), Both the bacterial treatment and water bath 
temperature tended to increase the WSN. NH^-N was signifi­
cantly decreased (P<.024) in the water bath silage. This is 
in agreement with the water bath ensiled WPC, There was no 
significant interaction between temperature and treatment 
in case of WSN (a-.59), NH^-N (a=,19), ash {a=,5) and CP 
(a=.09). 
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GENERAL DISCUSSION 
According to the data presented in this research, the 
model laboratory silo unit can be used to study silage fer­
mentation of forages and reproduce some of the effects ob­
servable in farm scale situations. The design of the unit is 
such that the effects of moisture content, temperature, pres­
sure, light, additives and time on the fermentation process 
can be studied. In addition, wet weight and gaseous losses 
due to fermentation could be measured. The unit is also 
adaptable for use with temperature and pressure recording 
devices and other monitoring units. Although there was high 
variation in the quantitation of CO2, yet its measurement was 
helpful in predicting the nature of fermentation and the ex­
tent of total weight losses. Like many of the laboratory 
silos reported in the literature, the model laboratory silo 
was defective in studying the effects of rate of filling 
on silage fermentation. 
Due to the significant positive correlation (P<.000l) 
between total weight and DM losses, it is recommended that 
only total weight loss be determined. Since more than 509o 
of WSN was found to be NH^-N in case of WPC and since both 
nitrogen fractions are indicative of proteolysis, any of them 
would be satisfactory as a quality measure when evaluating 
corn silage. 
The 3 weeks ensiling period appeared to be satisfactory 
120 
compared to the longer period due to the less variation ob­
served and the time factor. Unfortunately, the rate of CO2 
production and the decline in pH was not evaluated due to the 
limited numbers of silos available. Future studies should 
focus on rate studies which help in understanding the role of 
silage additives. 
Bolsen (1978) stated that, "Aids to fermentation in silage 
production have given variable and inconsistent results ranging 
from zero to highly significant improvements in nutrient 
preservation, dairy and beef cattle performance and silage 
chemical composition." This statement is in agreement with 
our data. The data in case of WPC suggest that high energy 
forages such as WPC did not benefit from silage additives. 
However, only WSN seemed to be decreased as a result of using 
the additive Sila-Bac. Si-Lo-Fame did not enhance corn 
silage fermentation in either the laboratory or farm scale 
silos. However, the lack of response due to the Si-Lo-Fame 
treatment maybe masked by the relatively near-ideal conditions 
such as the rapid rate of filling, the fine uniform chop, and 
the high quality corn plant which existed during the course 
of the study. Additional tests should include a density 
variable and the feeding of younger cattle both limited and 
full feed. 
The results of the additives were also variable and 
inconsistent in case of RCS. The bacterial inoculum was very 
effective in decreasing total weight and DM losses, decreasing 
121 
pH and increasing LA (Experiment l). In Experiment II, no 
improvement in corn stover silage fermentation was noticed, 
in fact increased level of butyrate was observed which was 
indicative of clostridial activity. Particle size could be 
a possible factor in explaining this inconsistency since the 
stover material used in experiment I was a fine ground whereas 
in experiment II it was a coarse ground. 
In case of alfalfa, the additives resulted in signifi­
cantly higher CO2 losses (P<.Ol) for both the bacterial 
inoculum and Sila-Bac treatments. There was also significant 
increase in total weight losses of the Si-Lo-Fame and Sila-
Bac treatments. The total weight loss was also higher in case 
of the bacterial inoculum as compared to the control but not 
significantly different (a=.05). This negative response with 
alfalfa could be attributed to the lack of fermentable carbo­
hydrates. This statement is supported by the data in Experi­
ment II which clearly demonstrated the shift in the fermenta­
tion of HMA in response to lactose addition. Addition of lac­
tose was effective and resulted in increased lactic fermentation. 
The combination of lactose and inoculum was positive although 
not significantly different (a=.05) than lactose alone. These 
findings point to the importance of the readily available 
energy in the case of HMA; it also implicates that sufficient 
number of LA bacteria are probably abundant in nature and 
their increase or decrease seems to be governed by the avail­
ability of fermentable carbohydrates. 
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In general, for both WPC and alfalfa, moisture seemed to 
be more critical compared to the additives. Moisture is 
needed for the growth of the microorganisms and for compaction 
of the ensiled material which help in air exclusion and main­
tenance of anaerobic conditions which in turn is vital to 
successful ensiling. 
The response due to the higher water bath temperature 
was not consistent among the forages evaluated which indicates 
the possibility of different ensiling requirements for the 
different forages. If this statement is true then silage 
additives should be specified to individual forages rather 
than being generalized to all forages. 
The two energy sources, lactose and gum arabic, appeared 
to be effective in enhancing the ensiling qualities of H MA 
and RCS, respectively. Fermentable energy such as lactose 
appeared to be more critical than the bacterial inoculum 
alone in case of HMA. Gum arabic proved to be promising and 
effective in decreasing proteolysis and increasing compaction 
due to its viscosity and adhesiveness (Elhag and Vetter, 
1978), The enhancement of silage fermentation due to gum 
arabic indicates that the silage microflora are capable of 
utilizing 5-carbon sugars since gum arabic is rich in these 
sugars. It will be more interesting to study different 
combinations of additives with and without energy sources, 
especially with corn stover and HMA before giving a conclusive 
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judgment on their usefulness, since it was very hard to 
reach a conclusion with individual additives as was the case 
in this study. 
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SUMMARY 
This research was conducted using model laboratory silos 
designed to simulate ensiling conditions similar to farm-scale 
structures. The laboratory silos were used with three forages 
to evaluate the effects of silage additives, moisture, energy 
and temperature on fermentation characteristics. In addi­
tion, one of the additives was evaluated using a feeding 
trial. The research was reported in four sections consisting 
of data obtained from twelve experiments. 
The laboratory silos simulated ensiling conditions 
similar to farm situations and resulted in high quality si­
lages in case of both HMA and WPC. The silos were so sensi­
tive that very minor differences (Table 5) between the two 
ensiling periods approached significance. The pH and DM 
variables experienced the lowest degree of variation in con­
trast to CO2, acetate and lactate where relatively higher 
variation existed. The three weeks ensiling period resulted 
in superior silages compared to the longer five weeks. Lactic 
acid was predicted with high accuracy (R =.969) (P<.000l) from 
pH, TA and CO2. pH was also predicted from LA and TA but with 
a relatively low accuracy (R^=.52) (P<.000l). 
Moisture rather than silage additives seemed to be 
critical in corn silage fermentation. Both the laboratory and 
the feeding trial data with whole plant corn did not show any 
apparent enhancement of feeding value for Si-Lo-Fame treated 
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silage. In general, our findings continue to support the 
idea that little benefit is obtained from using silage 
additives with whole plant corn. 
Corn stover fermentation was improved due to silage 
additives, particularly the bacterial inoculum. In nearly 
all cases with corn stover the combination of energy (gum 
arabic) and inoculation was positive. Using gum arabic at 
2.5% (DM) and 5% (DM) was more valuable in decreasing pro­
teolysis. Gum arabic at 1% (DM) did not stimulate corn 
stover silage fermentation. 
The use of silage additives with alfalfa indicated a 
lack of response especially with HMA. The LMA apparently 
slightly benefitted from the additives probably due to the in­
creased concentration of energy resulting from the higher con­
tent of DM. The high moisture and resultant lower energy con­
centration in the case of HMA seems to limit the effect of 
the additives. 
Addition of lactose to HMA was very positive and re­
sulted in silage with low pH, low total weight and DM losses 
and high content of lactic acid. The combination of lactose 
and inoculation was positive, but not significantly (a=,05) 
different from lactose alone. Energy rather than the addi­
tives appears to be critical for ensiling of high moisture, 
high protein forages such as alfalfa. 
Room temperature (25 C) ensiling conditions seemed to be 
very satisfactory and was not significantly different in many 
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of the ensiling characteristics from the water bath tempera­
ture. The response due to temperature was not consistent 
among the three forages evaluated in this study. In general, 
the water bath temperature resulted in silages with a higher 
content of WSN, lactate and propionate. Corn stover silage 
fermentation was improved with the higher water bath 
temperature. 
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APPENDIX 
Table 40. Correlation coefficients (r) of the different ensiling characteristics 
using WPC 
DM 
loss 
Wt 
loss pH TA LA Acetate CO2 NH3-N WSN Density 
DM loss 1.00 .998 
.0001 
.97 
.0001 
— . 84 
.0001 
-.95 
.0001 
-.85 
.0001 
-.51 
.003 
-.91 
.0001 
.70 
.0001 
-.93 
.0001 
Wt loss 1.00 .97 
.0001 
-.84 
.0001 
-.95 
.0001 
-, 86 
.0001 
-.51 
.003 
-.91 
.0001 
.68 
.0001 
-.93 
.0001 
pH 1.00 -.88 
.0001 
-.98 
.0001 
-.86 
.0001 
-.50 
.003 
-.82 
.0001 
.73 
.0001 
-.96 
.0001 
TA (meq.lN 
NaOH) 
1.00 .87 
.0001 
.78 
.0001 
.39 
.02 
.70 
. 0001 
.73 
.0001 
.84 
.0001 
LA 
(% DM) 
1.00 .86 
.0001 
.48 
.006 
.89 
.0001 
-.72 
.0001 
.94 
.0001 
Acetate 
(% DM) 
1.00 .55 
.001 
.80 
.0001 
-.79 
.0001 
.89 
.0001 
COg 
(mg/g DM) 
1.00 .61 
.0002 
- .46 
.009 
.57 
.0007 
NHo-N 
(% total N) 
1.00 -. 60 
.0003 
.89 
.0001 
WSN 
(% total N) 
1.00 -.76 
.0001 
Density 
(g/cm^) 
Table 41. Correlation coefficients (r) of the different ensiling characteristics 
using both HMA and LMA 
DM 
loss 
Wt 
loss pH TA LA Acetate CO 2 nh3-N WSN Density 
DM loss 1.00 .98 
.0001 
.35 
.05 
.06 
.7 
.02 
.91 
.25 
.17 
.44 
.01 
.34 
. 06 
.40 
.02 
.20 
.26 
Wt loss 1.00 .26 
.14 
.09 
.60 
.09 
. 61 
.26 
.14 
.48 
.005 
.33 
.06 
.37 
.03 
.28 
.12 
pH 1.00 -.73 
.0001 
-.85 
.0001 
-.57 
.0007 
— .48 
.006 
— .48 
.006 
-.15 
.40 
-.72 
.0001 
TA ( meq . IN 
NaOH) 
1.00 .82 
.0001 
.71 
.0001 
.57 
.0007 
.62 
.0001 
.37 
.03 
.79 
.0001 
LA 
(% DM) 
1.00 .77 
.0001 
.57 
.0006 
.68 
.0001 
.27 
.13 
.86 
.0001 
Acetate 
(% DM) 
1.00 .55 
.001 
.71 
.0001 
.26 
.15 
.79 
.0001 
COg 
(mg/g DM) 
1.00 .62 
.0001 
.40 
.02 
.75 
.0001 
nhg-n 
{% total n) 
1.00 .68 
.0001 
.69 
.0001 
WSN 
(% total N) 
1.00 .30 
.09 
Density 
(g/crn^) 
1.00 
Table 42. Correlation coefficients (r) of the different ensiling characteristics 
using HMA 
DM 
loss 
Wt 
loss pH TA LA Acetate O
 
O
 
to
 NHg-N WSN Dens it 
81 -.14 -.38 -.02 . 66 .42 .53 .43 
0002 .60 .14 .93 .006 .10 .03 .10 
71 -.22 -.28 —. 06 .62 .29 .40 .48 
002 .41 .29 .82 .01 .28 .12 .06 
00 -.06 -.42 .22 .40 .68 .64 .29 
.81 .10 .40 .12 .003 .007 .28 
o
 
o
 
H
 — • 08 -.17 -.17 -.02 .26 -.38 
.74 .53 .51 .94 .33 .14 
1.00 -.03 -.41 -.15 -.40 -.01 
.92 .11 .57 .13 .95 
o
 
o
 
H
 -.12 .25 -.24 .13 
.66 .35 .36 .62 
1.00 .21 .19 .42 
.42 .48 .11 
1.00 .55 .15 
.03 .58 
o
 
o
 
H
 -.16 
.54 
1.00 
DM loss 1.00 
Wt loss 
pH 
TA ( meq. IN 
NaOH) 
LA 
(% DM) 
Acetate 
i% DM) 
C0« 
(mg/g DM) 
NH?-N 
(% total N) 
WSN 
(% total N) 
Density 
(g/cm^) 
.97 
.0001 
1.00 
Table 43. Correlation coefficients (r) of the different ensiling characteristics 
using LMA 
DM 
loss 
Wt 
loss pH TA LA Acetate CO2 NHg-N WSN Density 
DM loss 1,00 ,99 
.0001 
.86 
.0001 
-.13 
.61 
-.26 
.31 
.82 
.0001 
.005 
.98 
.26 
.33 
,17 
,53 
-.24 
.37 
Wt loss 1.00 .86 
,0001 
-.08 
.75 
-.27 
.31 
.79 
.0002 
.02 
.95 
.27 
.31 
.20 
.45 
-.22 
.41 
pH 1.00 .07 
,81 
-.50 
.05 
.80 
.0002 
-.20 
.46 
.003 
.99 
.009 
.97 
.07 
.80 
TA (meq,lN 
NaOH) 
1.00 .04 
.89 
-.04 
.88 
-.28 
.29 
-.50 
.05 
-.41 
.11 
.54 
.03 
LA 
(% DM) 
1.00 -.29 
.27 
,31 
.23 
.02 
.93 
-.23 
.39 
-.16 
.56 
Acetate 
(% DM) 
1.00 -.16 
.54 
.13 
,64 
,03 
.91 
-.12 
.64 
CO, 
(mt/g DM) 
1.00 .28 
.29 
.35 
.18 
. 16 
.54 
NHo-N 
total N) 
1,00 .76 
.0006 
-.34 
.20 
WSN 
(% total N) 
1.00 -.25 
.35 
Density 
(g/cm^) 
1,00 
